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ABSTRACT 


This study evolves and applies an analytic framework to evalua- 
tion of the relationship between petroleum pipeline developments and 
regional refining consolidation. 

An analytic base was first developed consisting of the cost struc- 
ture of pipelines, the nature of long run costs and economies of scale 
in pipelining. This was supplemented by derivation of the bases of 


transportation costs of petroleum following from the principles of cost 


structure. Tariff schedules were examined and their structural property, 


nonproportionality with distance, explained. 

General economic forces bearing on the location of mannraetucine 
industry and specifically petroleum refining and processing were intro- 
duced as part of the analytic base. 

The analytic base was applied to a recently observed phenomenon 
in Canada's prairie region refining activity, that of an apparent trend 
toward consolidation in Edmonton. Factors of significance in the con- 
solidation were classified into necessary and sufficient conditions 
for consolidation. The conditions examined included economies of scale 


in operation of the unit processes, raw materials orientation, technol- 


ogical developments in refining processes and environmental requirements. 


Development of an efficient petroleum products transportation system, 
the products pipeline, was shown to be the necessary condition for re- 
fining consolidation. Further conditions necessary for the emergence 


of a products pipeline network were examined. These include market 
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characteristics, status of technology and intermodal transport costs. 
The analysis and application confirmed that narrowing transport 
cost differentials between unprocessed, processed and refined petro- 
leums, and other technological and economic forces affecting petroleum 
refining and processing location have acted coincidentally to bring 


about the apparent consolidation trend. 
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CHAPTER ONE 


INTRODUCTION 


This study examines crude petroleum and petroleum products pipeline 
transportation systems in western Canada within the context of prairie 
regional refining consolidation. Following a comprehensive analysis 
of the cost structure and development of pipelines and related petrole- 
um transportation costs, the study proceeds to relate locational forces 
bearing on refining consolidation to the transportation segment of the 


petroleum industry. 


Setting of the Problem 


Rapidly growing demands for energy in the heavily populated and 
industrialized regions of North America have centred attention on both 
intensive and extensive development of the continent's most widely used 
conventional energy sources -- petroleum and natural gas. However, the 
most significant sources of oil and gas in Canada are some distance re- 
moved from the principal energy markets. United States Gulf coast, mid- 
west and eastern supply regions with their gradually dwindling reserves, 
have accentuated the emerging energy crisis and precipitated interest 
in the large scale movement of Canadian petroleums to the principal mar- 
ket areas. Canada's main supply areas of the western sedimentary basin, 
are located in Alberta, northeastern British Columbia, southern Saskat- 
chewan and in a northern extension of the basin through the Mackenzie 
Valley, Northwest Territories, to the Arctic coastal plain. Since these 
supplies are landlocked for all practical purposes, and in the latter 


case, considerable distance from demand centres, overland pipelines, 
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rail and tank truck offer possible means of transportation. 

By volume and value, pipeline systems are the most important mode 
of transportation for petroleum in Canada. They offer a highly special- 
ized, efficient and reasonably secure service to Canada's major domes- 
tic markets (the Prairies, British Columbia's lower mainland, and sou- 
thern Ontario) and also to major export markets (the United States mid- 
west and Puget Sound). The largest crude carrier alone, Interprovincial 
Pipe Line Company, accounted for some 63 percent of all crude oil and 
natural gas liquids produced in Canada in 1971.1 At present, pipeline 
networks originating in the Province of Alberta carry crude oil, natural 
gas, natural gas liquids and refined products to various refining and 
demand centres. Were it not for the existence of large scale and effi- 
cient pipeline transportation systems to these areas, the extraction 
and development of western Canada's petroleum resources would have pro- 
ceeded at a pace determined solely by local and regional demands for 
energy, these latter being of such a limited scale as to have greatly 
inhibited development in the first place. However, western Canada's 
petroleum resources did develop in response to a demand for this form 
of energy at prices sufficiently high so as to encourage both intensive 
and extensive exploitation of the petroleum resource and to justify 


development of pipelines. 


inter prov neal Pipe Line Company, Annual Report 1971 (Edmonton: 
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Research Objectives 


The primary objectives of this study are to present a cost struc- 
ture for petroleum pipelines and to relate this structure to competitive 
factors in marketing western Canadian petroleum and petroleum products. 
These necessarily accommodate as well an examination of the location of 
refining and distribution activities of the petroleum industry in wes- 
tern Canada. Sub-objectives of the study include the following: 

ae To consolidate a theoretical basis from 
which to view crude and products pipelin- 
ing, sutilizing the analytic j|tools of loca- 
tion economics and transportation economics. 

b. To evaluate the share of pipeline transpor- 
tation costs pertaining to the marketing of 
western Canadian crude petroleum and petroleum 
products. 

ce To present a theoretical cost structure for 
crude petroleum, processed and refined pro- 
ducts pipelines transportation. 

d. To relate developments in products pipelining 
to emerging trends in the refining and distri- 
bution of petroleums in western Canada. Spe- 
cifically the phenomenon of refining consolida- 
tion is to be examined. 

The preceeding statement of objectives reflects the overall organi- 
zation of the study which evolves as follows. The remainder of the pre- 
sent chapter introduces the reader to the general scope and methodolo- 
gical approach taken and also presents additional technical and background 
information on pipelines in Canada. Chapter two presents a descriptive 
synopsis of major existing pipeline networks in Canada pertinent to this 
study. Chapter three develops theoretical bases for the examination 


of pipeline transportation costs and refinery location. The relevant 


theory drawn upon is that of conventional micro-economic cost analysis, 
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transportation economics and location theory. Chapter four is the main 
focus of the thesis. It presents necessary and sufficient conditions 
for prairie regional refinery consolidation. Chapter five summarizes 
the analysis and postulates the main conclusions and implications of 


the study. 


Scope of the Study 


Limitations of both time and data have necessarily restricted the 
intended scope of the analysis. A complete examination of all petroleum 
pipelines would include examination of the major trunk line systems (usual- 
ly larger diameter pipelines of from 16 inch diameter size to 48 inch 
diameter size) and also the so-called secondary or gathering systems 
(usually under 16 inch diameter). The latter receive crude petroleum, 
condensates and natural gas from the field battery or fieldgate and trans- 
port these to main trunk line receiving points or to refinery gates. 

At the present time in Canada, the following types of crude petroleums 
and processed and refined petroleum products are being transported in 
varying quantities in pipeline transmission systems in Canada. 

ls Unprocessed Petroleums: 


a. Crude petroleum 
b. Raw natural gas 


2. Processed Petroleum Products: 


ae natural gas 
b. synthetic crude 
c. liquid petroleum gases (LPG) - propane 
- butane 
- pentanes plus 
- natural gasoline 
d. natural gas liquids (NGL) - a mixture of the 
liquids in c. 
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3. Refined Petroleum Products: 

ae motor gasolines 

b. tractor fuels 

ce diesel fuels 

d. kerosene and naptha based jet fuels 

e. stove oils 
This study deals primarily with categories 1 and 3 above namely the 
transmission of crude petroleums and refined petroleum products. Where 
data was available or an example for developing a theoretical point was 
particularly useful, pipelining of one or several of the processed petro- 
leum products is included. Similarly, the study is confined to the major 
crude and products trunk systems primarily operating in the prairie pro- 
vinces. 

It is beyond the specific scope of this study to examine the econo- 
mic aspects of field gathering pipeline transmission systems. Under 
unitization and Alberta's proration plan, operators are paid f.o.b. field- 
gate for their production. Actual operating costs associated with field 
gathering systems are judged to be relatively evel (expressed as a 
proportion of field prices for crude oil) as compared to the fixed capi- 


tal costs for pipe and other transmission equipment which is amortized 


over the lite of the field. 


om a recent Mobil Oil field development installation, some $200,000 
in development drilling and completion costs were incurred of which about 
10 percent would be associated with the field gathering system. All 
drilling and completion expenses are capitalized. Interviews with Shell 
Canada and Mobil Oil confirmed the difficulty of obtaining data on actual 
gathering operating costs in relation to total field gathering costs 
(lifting, enhanced recovery and gathering). Capital costs of field ga- 
thering systems vary substantially from field to field depending on field 
size and geological characteristics of the fields. 


onetW ‘isasobon ca fictteiy BOAT ER nnpbdieatng. plars Ls cokes Kets 
oe lig Heaiapitosils 0 angi ioral wi ‘vtfonre no what hah av ated 
aottng Beresctey tlt! Io. Vigive’ 1 S00) sAiledy! 5 idepa th eiagscong 

ett wt" a tonttnes hose of [rhe Siew lont ©) erophim set 
Sieg Fi3 heey ait oid gaitansb qitranaa powrers scar orleherg, Oe er 


_ wis satires 23 burs whit 7 Shane Fis isoye +2 Aneved of Zt 


wae milton Figmitayts (gi etagg hist %¢ arseqee ah 

=hisit eoy tommy age. 20 5ervin pang ‘aLrherm « «aaadia it noose tain 
pine due tal tee» chs ght the ‘ugsk’ .inibtaubet, ube) 203 oa 
wan Bosna) “tla giartrali S00! beg) eat cadre quirseling 

~Se: S, | ab Braces os Obie. stary> vot oBsteq test 20 neaseqoe 

ciel anit Cte terists terkior baw ota: al ose fa 


«biall ads Go. o3il od: aus 


The scope is similarly restricted to examination of prairie refining 
capacity only in relation to development of regional products distribu- 


tion systems. 


Methodological Approach 


The approach adopted in the study is that the transportation costs 
associated with petroleum pipelining can be modeled in such a way as 
to be directly useful in the examination of factors bearing on the com- 
petitiveness of petroleum resources in various markets. The importance 
of understanding the relationship between operating and capital costs 
on the one hand, and present and possible tariff structures on the other 
cannot be understated. These central concepts are developed in the study 
and are directly related to marketing factors for petroleum products in 
the prairie region. Although the theoretical tools described and devel- 
oped in Chapter three also permit analysis of other modes of petroleum 
transportation such as ocean and inland tankers, railway and tank truck, 
these applications have not been specifically examined even though they 
would be pertinent to a more complete transportation economics analysis 


of the competitiveness of Canadian petroleum. 


Comprehensive discussions of the competitiveness of Canadian crude 
in North American markets and the role of transportation are given in 
internal reports of the Alberta Energy Resources Conservation Board and 
some of the major integrated oil companies. Unpublished sources include 
Alberta, Energy Resources Conservation Board, "Alberta Crude Oil Compe- 
tive Position," (Calgary: March 1972); and Foster Economic Consultants, 
The Prospective Demand for Canadian Crude Under Alternative Industry 
and Canada-United States Government Policies, (Calgary: October, 1969). 
One published source is United States, National Petroleum Council, U.S. 


Energy Outlook: An Initial Appraisal 1971 - 1985, Vol. I, Il, (Washing- 
Consens et mo 7 1 
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Other possible methodological approaches to economic analysis of 
the pipeline industry and its relationship to regional refining and mar- 
keting could have been adopted. One of particular interest in the con- 
text of this study would have been the nature of vertical integration 
in petroleum transportation and marketing elements of the industry. 
Examination of the regulatory framework relating to the economic charac- 
ter of common carrier transportation systems and, in the case of natural 
gas, public utilities regulation is another approach. These alternative 
approaches will only be utilized to the extent that they contribute to 
an understanding of the dynamic aspects of the problem at hand which 
is to examine the cost structure and other pertinent economic operating 
features of petroleum pipelining in a regional refining and marketing 


contexte 


PentinenteCharactenusi:r1es sot Pipeline Transportation Systems 


Before proceeding into a detailed description of the Canadian pipe- 
line networks, it is useful to identify a few common features of pipe- 
line transportation systems which have characterized their extensive 
use in the United States and Canada. 

Firstly, pipelines are distinguished from other modes of transport 
in that they offer continuous movement of the commodity. Only a limited 
range of commodities can be transported although technological develop- 
ments and the costs of competing modes have somewhat extended the range 


4 = ee : 
of feasible products in recent years. Although rigid in routings and 


papel fications of pipelining to the transportation of such solids 
as coal, pulp, and sulphur have been investigated by a number of agencies. 
(Cont'd) 
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capacity (in the short run), under optimum loading conditions and with 
appropriate commodities, pipelines are one of the cheapest forms of land 
transportation of petroleum and petroleum products, sometimes even com- 
peting effectively with water transport. Actual operating costs of pipe- 
lines, upon which these intermodel competitive factors are based, are 
determined by several variables which are discussed in more detail in 
Chapter three. These variables include throughput volume, pipe size, 
operating pressure and pumping efficiency, the cost of capital, nature 
of the terrain and the physical properties of the particular crude pe- 
troleum or ences With specific reference to Canada, these variables 
are of substantial importance. 

The principal interregional pipeline carriers for both crude oil 
and natural gas, have expended millions of dollars in "big-inch"(usual- 
ly over 16 inches outside diameter) pipeline networks. Capital invested 
in compressors, pump stations, equipment and pipe represents a far grea- 
ter proportion of average total costs of a pipeline industry than the 
actual operating costs (see Table 1). As a consequence, the cost of 
the capital needed to finance these expenditures is of crucial importance 
in determining the feasibility of new investments or expansions to ex- 


isting systems. 


Fcantimuede eine Research Council of Alberta's efforts in this re- 
spect are noted. See for example: E. J. Jensen and H. S. Ellis, ''Pipe- 
lines," Scientific American, Vol. 26, No. l, (1967), pp. 62-72; and 
E. J. Jensen and J. G. Bruce, "Capsule Pipelining - a feasibility assess- 
ment,'' paper given at lst International Conference on Hydraulic Trans- 
port of Solids in Pipes, Warwick, England, (Sept. 1970). 


ceraid Manners, "The Petroleum Revolution", Geography, Vol. 4/7, 
CL967 ep tll0.. 
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TABLE 1 


FIXED AND VARIABLE COSTS OF 
OIL TRANSPORT MEDIA 


Fixed Variable Operating Costs 
(percent ) (percent) (cents per 100 ton 


kilometers) 


Ocean Tanker 20 80 Del 
Barge 30 70 nea. 
Product Pipeline 75 22 IME 
Crude Pipeline 65 35 iveo 
Railway Tank car 5 3) 105.6 
Truck 15 85 382.8 


Sources: Gerald Manners, "The Pipeline Revolution", Geography, 
Voler4/e (1962) ep. lod. Loriginal source is H. N. Emerson, Oil 
Transportation Preferences -- Their Bases'', Proceedings, American 
Petroleum Institute, Section V, (1957)p. 22.1; and Gerald Manners, 
The Geography of Energy, (London: Hutchinson University Press, 1964), 
Dien l0'. 
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Achieving lower cost transport of petroleum in pipelines is criti- 
cally dependent on attaining cost savings through economies of scale. 
The determinants of scale economies are identified and evaluated in la- 
ter chapters but for now it is sufficient to mention only the importance 
of relatively high load factors (average throughput to peak demand or 
optimum line capacity). These are important in interregional petroleum 
pipeline systems which are of the larger diameter size. 

Finally, the variability of Canada's geography with such contras- 
ting features as the Rocky Mountain Range, adverse winter climate, per- 
mafrost, and extensive water bodies has greatly affected the ability 
to generalize about transportation costs of petroleum pipeline systems. 
Prairie pipeline construction and operating costs, for example, are 
likely to be considerably lower than those through the Rocky Mountains, 
Coast Range, or the sensitive Arctic tundra. Terrain variations, there- 
fore, affect the accuracy of simulations of cost structure since each 
particular host environment imposes a unique set of technological, econ- 


omic and perhaps social or political limitations. 
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CHAPTER TWO 
SYSTEM CHARACTERISTICS AND 
NETWORK DESCRIPTIONS 

The first part of this chapter is concerned with identifying pipe- 
line system characteristics peculiar to the transmission of crude oil, 
natural gas liquids or processed products, refined petroleum products 
and natural gas. The latter commodity is included briefly primarily 
for completeness and since it is a petroleum resource product which has 
been further processed from its raw state to a higher valued, end or 
intermediate use product. The second part of the chapter describes 
pipeline networks and systems representative of the above commodity break- 
downs. In this context, a network is meant to mean the pattern or com- 
plex of gathering and trunk lines transporting the particular commodity 
group (eg. crude oil gathering and trunk lines). A pipeline system means 
a specific operator's complex of gathering and trunk lines including 
the related operating infrastructure for all or any of the aforementioned 


commodity groups. 


System Characteristics 
Components of a Pipeline Liquids Systems 
A simplified petroleum liquids pipeline system is comprised of re- 
ceiving tanks for storage, various receiving stations, pumping facilities, 
control, communications and monitoring equipment, buried coated steel 
pipe, and terminal storage and distribution facilities at the destina- 
tion. Crude petroleum and other liquids are pumped through a pipeline 


either directly from connecting points with other pipeline systems (ga- 
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thering systems, for example) or from tank storage facilities at vari- 
ous receiving points. The importance of adequate storage facilities 

lies in the need to maintain throughputs at close to the existing through- 
put capacity configuration otherwise optimal utilization of the installed 
capacity of pumps and pipe sizes will not be realized. Batching of dif- 
ferent streams of crude oil and products pumped through a line also af- 
fects its optimal operation since it is less costly to handle only one 
commodity at a constant rate than to handle several different batches 

of commodities. Adequate reserves of the different batches in storage 
tanks will nonetheless insure that the dispatcher can keep the line as 
full as possible at all times by drawing down on storage reserves when 
shipments from other pipeline carriers are not being handled. 

Most liquid petroleum pipelines carry several separate streams of 
crude oil or products each having its own particular API gravity, vis- 
cosity and corrosive properties depending on the nature of source field 
and depth of the reservoir in question, or the type of product from pro- 
cessing or refining fone enree Interprovincial Pipe Line Company, for 
example, handled as many as 34 separate streams in oy ia: With the pos- 
sibility that several separate streams could be filling the line at any 
one time, it would be necessary to monitor the properties of each stream 
in the line displacing relatively compatible streams in sequence, while 


2 ony ; 
discerning the interfaces at the receiving end of the line. These are 


Li npererovineral Pipe Line Company, 1971 Annual Report, (Edmonton: 
£972) (pee o% 


= "interface", in pipeline terminology, means the part of two 
(Cont'd) 
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achieved through various kinds of semi-automatic monitoring and control 
systems or computers and a reliable communications network. 

In respect to the available methods of moving crude oil through 
a pipeline, most companies in Canada with the larger diameter pipes in 
service (over 16 inch) now utilize centrifugal pumps with electric power 
motors and/or diesel engines fueled by natural gas or condensate. Pump- 
ing stations are located every 40 to 150 miles depending on the terrain, 
line capacity, planned throughput volumes and pipe diameters. As an 
approximation, though, and for a given volume, the distance between pres- 
sure boosting points will vary inversely with the diameter of the Hips: 
that is, the larger the pipe diameter, and consequently the larger the 
potential throughput, the shorter will be the distance between pumping 
stations. Actual pumping pressures are related to a number of variables 
(some mentioned above), but in contrast to vapour phase natural gas lines 
which permit only limited pressure drops between compressor stations, 


crude oil and liquids lines will tolerate substantial pressure drops 


TConti anced mmesenarace streams of commodity which is co-mingled at 
the boundary of the separate streams. Sometimes streams are separated 
by physical barriers such as floating spheres or by otner buffer mater- 
ials but where these are not used, the streams tend to mix at the bound- 
ary and a blend of product or different crudes results with non-homogen- 
eous gravity properties. The size or amount of the interface depends 
on the physical and chemical properties of the commodities. Stream se- 
paration in the Interprovincial "white products" line is achieved by 
using condensate or synthetic crude as the buffer material. 


ae L. Burke, "Movement of Commodities by Pipeline", in Transpor- 
tation, United States Papers Prepared for the United Nations Conference 
on the Application of Science and Technology for the Benefit of the Less 
Developed Areas, Vol. V, (Washington: U. S. Government Printing Office, 


1963), p. 82. 
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on the incoming side (suction pressure) with discharge pressure at or 
near maximum operating pressure of the pipeline. 

It remains to discuss one final component of a pipeline systems 
plant and equipment -- the pipe itself. As should be obvious from pre- 
ceeding discussion, steel pipe is available in a range of diameters. 

For petroleum liquids systems, the range presently in use is from 2 inch 
to 40 inch. Planned construction programs in 1972 and later indicate 
requirements for 48 inch and larger diameter pipe. It suffices to men- 
tion here that the important cost parameters for steel pipe, from the 
pipeline company's point of view, are the diameter required, section 
lengths and distances to be covered, acceptable pressure tolerances which 
would affect selection of the wall thickness of the pipe, and working 
strength of the steel. The potential options available to the purchaser 
in respect to wall thickness, alloy content (hence weight and cost), 
diameter, etc. are constrained by the purchaser's financial circumstances, 
safety and environmental factors and government regulations. 

Further detailed descriptions of possible liquid pipeline system 
configurations and plant and equipment options are not really necessary 
at this stage of the analysis as the intention was to identify key com- 
ponents affecting operational and capital cost characteristics of most 
petroleum liquids systems. The cost interrelationships between, say, 
horsepower, distances, capacities and pipe diameters are discussed in 


some detail in chapter three of the study. Labour requirements will 


rece "Movement of Commodities by Pipeline", p. 85. 
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also be briefly discussed in chapter three although it will be shown 
that this is a relatively stable and predictable cost parameter deter- 
mined basically by the number of pumping stations and the length of the 


system rather than on other variable parameters. 


Natural Gas Pipeline System Components 


Natural gas pipeline system components and related costs differ 
significantly from those of liquids pipeline systems. This follows from 
the general principles of transmission of vapour phase commodities com- 
pared to those of fluids. Transmission of gas in a pipe requires the 
gas to be compressed to occupy a smaller volume. Fairly stringent con- 
trols on temperature are also necessary as gas tends to expand and occu- 
py a greater volume when heated. Since it is desirable to have near 
capacity volumes of gas transmitted through a line given the yield strength 
aaa pressure tolerances of the pipe itself, cooling of the gas to off- 
set heating caused by compression into a smaller volume is therefore 
necessary. The efficiency of gas pipeline systems are also critically 
dependent on the characteristics of peak load demands and related pricing. 
This factor combines with the problem that storage of natural Bue: at 
demand points and related inventory controls to obtain a stabilized de- 


mand situation,adds substantially to the complexities of simulating a 


piauitied storage of natural gas near large demand centers is now 
quite common. Generally called "Peak Sharing Storage Terminals", they 
reduce the quantity of natural gas that the pipeline has to move into 
an area during peak demand periods. 
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enet structure for gas pipeline systems. Nevertheless, the key differ- 
ences between gas systems and petroleum liquids systems are the nature 
of the prime movers (turbine compressors are now being used with increa- 
sing frequency), storage phenomena, and the elaborate network or distri- 
bution systems to residential, commercial and industrial customers for 
natural gas. System components that do not differ substantially from 
liquids systems except in respect to physical and engineering parameters 
(affecting the magnitude of costs) are the ranges of pipe size in ser- 
vice and kind of pipe construction (eg. Spiral or longitudinal weld), 
direct pipeline construction costs, labour and administrative require- 
ments. Although not directly related to cost simulation, other differ- 
ences exist in respect to regulatory and price (ie. tariff) determina- 
tion. Natural gas systems are regulated by the Energy Resources Conser- 
vation Board (field prices, conservation and safety practices), National 
Energy Board (tariff structures, uniformity of accounting practices, 
export permits, and rate of return, etc.) and various public utilities 


boards in the provinces (cost of service and delivered prices, etc.). 


Network Descriptions 
The remainder of the chapter describes characteristics of the major 
petroleum pipeline networks originating in the Province of Alberta. 
They are presented under the following categories based on a commodity 
breakdown: 
ae crude oil pipelines; 
be processed product pipelines (natural 


gas liquids,condensates, and liquified 
petroleum gas); 
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ce refined product pipelines (motor 
gasolines, diesel fuels, fuel oils, 
jet fuels, etc.); and 

d. natural gas pipelines. 

While most conventional data pmareess distinguish only crude oil, 
products and natural gas pipelines, this analysis makes a meaningful 
separation of products lines into refined products lines and processed 
product lines. The breakdown takes cognizance of emerging trends in 
the transportation of gas liquids by pipeline. The breakdown also sup- 
ports one of the basic tenets of the thesis that there is a growing 
tendency toward transporting a higher valued (and lower weight) commo- 
dity in pipelines. This results from the convergence of transport costs 
for the raw or unprocessed commodity with that of the refined or proces- 
sed commodity and from economies of scale in refining, processing and 
transportation. Unfortunately, the form and aggregations of the published 
data have imposed a limitation on the analysis and much dependence has 
been placed on personal communication, industry journals, press reports, 


internal and annual company reports, and data compilations from several 


published sources. 


7 
Pipelines in Canadas Historical Development 


Although extensive pipeline development in Canada did not take place 


poe for example, Canadian Petroleum Association, Statistical Year- 
book 1971, (Calgary: Canadian Petroleum Association, 1972); Oil and Gas 
Journal, Annual Pipeline Number, (August or September); and Canada, Do- 
minion Bureau of Statistics, Oil Pipe Line Transport, (Ottawa: Queens 
Printer, annually), Catalogue 55-201. 


IMoat of the historical background is from data given by the Cana- 
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until the early 1950's, some gas pipeline systems were in existence as 
early as 1904, in Medicine Hat, Alberta (City of Medicine Hat) and 1911 
in Southwestern Ontario (Union Gas Company of Canada). The first repor- 
ted crude oil gathering and trunk system was Gulf Oil Canada's Turner 
Valley to Calgary line first operated in 1925. Little or no crude oil 
pipeline construction took place after this until the late 1940's and 
early 1950's when extensive and simultaneous construction projects were 
launched by some of the larger pipeline companies presently operating. 
The major interprovincial crude pipeline networks of the Interprovincial 
Pipe Line and TransMountain Oil Pipe Line Companies became operational 
in 1950 and 1953 respectively, offering access to markets in eastern 

and western Canada, and the United States. 

Construction of the first refined products line in Canada, the Canol 
Provectes was completed in 1943, from Norman Wells, Northwest Territor- 
ies to Whitehorse, Yukon Territory and Skagway, Alaska. As a wartime 
project, this four inch line carried motor gasolines and diesel fuels 
from the Imperial Oil Enterprises Norman Wells refinery across the Mac- 
kenzie Mountains to Whitehorse Yukon and south to Skagway, Alaska for 
use by Pacific wartime fleets. After the war and following development 


of a refinery at Whitehorse, the Canol line carried some crude oil from 


Son einusduerdien Petroleum Association, Op, cit., pp. 126-139, 
where first years of operation of many of the pipelines is given. This 
is supplemented by reference to the respective companies! Annual Reports. 


as for example, R. Finnie, CANOL: The Sub-Arctic Pipeline and 
refinery project.., (San Francisco: Ryder and Ingram Publishers, 1945). 
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the Norman Wells-Fort Norman fields to the refinery and some refined 
product was transported in the Yukon Pipelines Limited line to Skag- 

way. The Norman Wells-Whitehorse portion of the line is now inopera- 
tive as is the Whitehorse refinery. Refined product is now transported 
from Haines and Skagway,Alaska to Whitehorse, Yukon. Other refined pro- 
ducts lines in Canada were not developed until 1952 when Trans Northern's 
system connecting Montreal, Ottawa and Cornwall, and the Imperial Oil 
Enterprises' Sarnia Products Pipe Line system connecting Sarnia and 
Greater Toronto became operational. 

Processed product lines are of somewhat more recent origins. They 
followed closely the development and marketing of natural gas in Alberta 
and the construction and operation of natural gas processing and gas 
liquids fractionation plants. Imperial Oil's Nisku Products Pipe Line 
first transported liquified petroleum gases from the Leduc field and 
processing plant to its Edmonton refinery and terminal in 1954. Recent 
history has seen the conversion of some crude oil lines in Alberta to 
processed product lines following the installation of fractionation and 
processing facilities in the larger gas fields. Participation by some 
of the regional and national carriers such as Peace River Pipe Line Com- 
pany and TransCanada Pipelines in the development and operation of the 


gas plants is also noted. 


Crude Oil Pipelines 


The major crude oil pipeline systems originating in the Province 
of Alberta are identified in Table 2. In order to put a reasonable an- 


alytic bound on the number of systems discussed, a minimum throughput 
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TABLE 2 


NOTES 


"Major" crude oil systems in the context of this study 
means those whose aggregate estimated throughput capa- 
city for all lines in the system is in excess of 20,000 
barrels per day. This is an arbitrary designation which 
is specifically intended to exclude the substantial num- 
bers of oil and pipeline companies operating field gather- 
ing systems in the Province. Most of the companies listed 
operate either one or more trunk lines or have some inter- 
ests in secondary gathering systems (those carrying crude 
from the field battery to trunk line receiving points). 


Aggregate estimated capacity refers to the potential 
throughput volume in barrels per day of all the lines in 
a particular company's system under present pumping capa- 
CLEY-. 


Further details regarding Interprovincial Pipe Line Com- 
pany's system is provided in Tables 3 and 6. 


Ise alsotlablee&s 


“Rangeland Pipe Line Company, a wholly owned subsidiary of 
Hudson's Bay Oil and Gas, operates an extensive field ga- 
thering, secondary gathering and trunk line network in 
southern Alberta most of which has not been described in 
the Table. The company is also involved in the transpor- 
tation of natural gas liquids and condensates from various 
processing plants. Only data for exclusively crude oil 
lines is given. 
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capacity of 20,000 barrels per day was arbitrarily selected below which 
no specific identification would be made in the table. Above this mini- 
mum capacity, the pipeline systems are identified by operator, origin 
and destination, line sizes in diameter inches, (in most cases outside 
diameter is given while in others inside diameter is given; neither 

is distinguished in the data sources), aggregate trunk and gathering 
line miles, throughput capacity in barrels per calendar day and, latest 
actual throughput in barrels per day. 

As was mentioned briefly in chapter one, crude oil pipeline systems 
can be further categorized into secondary or gathering systems and trunk 
line systems. Many of the operators listed in Table 2 are involved with 
field gathering, direct delivery to refineries and also delivery to in- 
terprovincial pipeline receiving stations. Generally speaking though, 
field gathering and secondary systems are defined to be those which have 
maximum pipe diameters less than 16 inches or line throughput capacities 
less than 20,000 barrels per day, and which delivery to receiving sta- 
tions of the regional trunk lines, or interprovincial trunk lines. By 
comparison, trunk pipeline systems are defined as those with throughput 
capacity in excess of 20,000 barrels per day and line diameters in ex- 
cess of 16 inches. It is necessary to point out that the secondary and 
trunk line categorizations chosen here apply only to crude oil lines 
since for processed and refined product systems the criteria are differ- 
ent. 

The companies listed in the table operated about 12,223 aggregate 
line miles of which about 2,699 miles was gathering line and 9,524 miles 


trunk line. The line diameters in operation in 1970 ranged from 3 inch 
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to 34 inch. Looping of 48 inch line has recently been approved for parts 
of the Interprovincial Pipe Line system by the National Energy Board; 
this will be the largest diameter oil line in use in North America. 

In terms of available capacity and also deliveries, this Company's sys- 
tem is the largest in Canada with a 1972 capacity of 1,251 thousand bar- 
rels per day out of Edmonton and 1,308 thousand barrels per day out of 
Cromer, Manitoba. Total 1971 deliveries averaged 977,350 barrels per 
day. (See Table 3 for the Company's planned 1972 capacity). Trans 
Mountain Oil Pipe Line Company's system from Edmonton to Vancouver and 
Anacortes, Washington is the second largest crude oil system with a 1972 
capacity of 380,000 barrels per day out of Edmonton. Actual deliveries 
averaged 332,416 barrels per day in 1971 and throughputs were expected 
to reach present pumping capacity in 1972 with completion of Atlantic 
Richfield Company's new Cherry Point, Washington refinery. The Company 
has National Energy Board approval to expand its pumping capacity to 
600,000 barrels per dage. nearing the design capacity of the existing 
pipeline. 

Interprovincial and Trans Mountain are the most important carriers 
of crude oil outside the Province of Alberta to national and internation- 
al markets. An examination of the disposition of Canadian crude oil 
sales, from Table 5, reveals that the two carriers transported nearly 


91 percent of all Canadian crude oil sold in domestic and United States 


arrens Mountain Oil Pipe Line Company, 1971 Annual Report, (Van- 
couver: 1972), pe 4ff. 
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TABLE 3 


NOTES 


Source: Interprovincial Pipe Line Company, unpublished 
company source, from interview with Mr. O. Linton, 
Manager-Administration, Interprovincial Pipe Line 
Company, June 9, 1972. The data shows 1972 system 
yearly average capacities as approved by N.E.B. 
Orders XO-1-71, AO-1-71, AO-1-X0-1-71, and OC-23. 


Rather than showing computed averages over the four quar- 
ters, this figure constitutes IPL's "best guess" as to the 
required yearly average capacity under the company's plan- 
ned 1972 construction program. 


brine 1 carries at present synthetic crude oils (average API 


gravity about 40°), refined petroleum products, and natural 
gas liquids. Line 2 carries mixed blend, while Line 3)is 
referred to as the express line carrying speciality orders 
direct to eastern destinations. O.T. Linton, Manager -Admin- 
istration, Imterprovincial Pipe Line) Co., Interviews June, 
O72. 
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TABLE 5 


DISPOSITION OF CANADIAN CRUDE AND CONDENSATE 1971 


Source: 


(Sales in barrels per day) 
Domestic 
British Columbia 129,000 
Alberta 120,000 
Saskatchewan 56 ,000 
Manitoba 44 ,000 
Ontario 371,000 
Export 
District 1971 1968 1965 
V 220,000 163 ,000 142,000 
IV 70,000 68 , 000 65,000 
jie 330,000 214,000 113,000 
af 100 ,000 58 ,000 275000 
Aggregate Sales 
1971 1968 1965 
Domestic 720,000 645 ,000 D7 LOD 
Export 770,000 463 , 000 295,000 
Total 1,490,000 1,108,000 866 , 000 
Canadian Imports 
Ceast of NOP] 
1971 1968 1965 
659,000 b/d 487,000 b/d 395,000 b/d 


Oil and Gas Journal, (April. 3, 1972), p. 15. 
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markets. Of total domestic and export sales averaging 1,490,000 bar- 
rels per day in 1971 Interprovincial's throughputs averaged 977,300 
barrels per day or 65 percent while Trans Mountain's throughputs averaged 
332,416 barrels per day or 26%. 

As can be seen from Table 3, the Interprovincial system has three 
lines from Edmonton to Superior, Wisconsin. There is a 20 inch, 24 inch, 
and 34 inch line to Regina and Superior as well as some looping of the 
line. While it may seem more reasonable to have a larger diameter single 
line in place of the three separate lines, indications are that there 
was enough volume demand for the specific commodities transported in 
each operation of three separate lines over the route. Respective ca- 
pacities and commodities handled by these three lines are given below 


in Vables6.. 


TABLE 6 
EDMONTON TO REGINA INTERPROVINCIAL PIPE LINE COMPANY capacrty?? 
LOViZ 
Line Diameter Capacity Commodities 


Line ths 20 inch 126,000 b/d synthetic crude oil 


refined products, gas liquids, 
condensate 


Line 2 24 inch 143,000 b/d heavy crudes 


Line 3 34 inch 880,000 b/d lighter crudes (express 
line to Sarnia)! 


Le cource: O.T. Linton, Manager-Administration, Interprovincial 
(Cont'd) 


peretenced to by Interprovincial as the "white line". "White" 


(Cont'd) 


ei xpress line'' in this context means that crude oil deliveries 
(Cont'd) 


eg 
‘pry agan sage i — aeiase Or WorMoney, |) 
ihe | See 


Bye 


This portion of the Company's system is singled out here for special 
attention as it represents the only common carrier refined and processed 
products pipeline in Canada in present operation. Also, it is noted 
that the refined products (primarily from Gulf Oil's new Edmonton refin- 
ery) and gas liquids including condensates (from Dome's gas liquids net- 
work) are shippped in the same line as synthetic crude petroleum (rela- 
tively light gravity) produced from the Great Canadian Oil Sands' Fort 
McMurray processing plant. Interprovincial's second line from Edmonton 
carries heavier blend crudes from southeastern Saskatchewan for trans- 
port to eastern refining markets. The third line carries the lighter 
specialty crudes directly to Superior and Sarnia refineries from Edmon- 
tone 

There are several major crude oil gathering systems serving the 
Province's larger oil fields as well as some systems exporting from 
Alberta directly to the United States Pipeline systems. The largest 
of the secondary and gathering systems are those of the Federated Pipe 
Line Company (connecting the Swan Hills field to Edmonton), Peace River 


se Cone Tniednee i oe Line Company, Interview, (July 9, 1972). 


sContinted = tpeneraldy refers to the colour of the product being 
transported and is usually considered to include most petroleum liquids 
except crude. Refined motor gasolines and diesel fuels are usually dis- 
tinguished by colour additives, red for number one motor gasoline, amber 
for number two, and purple for tractor fuels, these colours normally 
being blended in at the refinery gate. Most of the refined motor and 
diesel fuels are translucent or "white'' in their pure refined state, 
though. Synthetic crude is similarly translucent in colour. Other ad- 
ditives such as lead are blended into the product at the destination 
since these residues would seriously affect the refining process for 


other feedstocks in the same line. 


12eontinued..«from Edmonton Station are shipped directly to Superior 


and Sarnia where possible. 
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Oil Pipe Line Company (northwestern Alberta fields to Edson and Edmon- 
ton), Pembina Pipe Line Company (Pembina area to Edmonton), Rainbow Pipe 
Line Company (Zama Lake area to Edmonton) and Texaco Canada's Rimbey 

to Edmonton network. These carriers each have 1970 rated capacities 

in excess of 100,000 barrels per day for their gathering and trunk lines. 
Other than the two main interprovincial carriers, Trans Mountain and 
Interprovincial, which also serve export markets, only Hudson's Bay Oil 
and Gas and Murphy Oil (neither listed in Table 2) operate crude pipe- 
lines directly from the Province to the United States pipeline companies 
connecting at the Alberta-Montana border. Hudson Bay's Rangeland Pipe 
Line Division gathers crude oil in the southern part of the Province 

for delivery to its wholly owned subsidiary exporting company, Aurora 
Pipe Line Company, which operates a short two line system in the Water- 


ton area for delivery to the Continental Pipe Line Company in Montana. 


Processed Product Pipelines 


When raw gas is extracted from underground reservoirs it is usually 
necessary to purge the gas of any condensed liquids and non-combustible 
materials such as water and sulphur prior to its delivery to natural 
gas pipelines and thence to markets. Natural gas liquids and other ma- 
terials such as water and sulphur are so extracted in gas processing 
plants which break the raw gas stream ("sweet" gas if no sulphur compounds 
are present, "sour" gas if they are and "dry" gas if no liquids are pre- 
sent) into marketable gas liquids, sulphur, residue gas and processed, 
marketable natural gas. Table 7 presents a breakdown of liquified pe- 


troleum gas (LPG) production from processing plants in Canada and also 
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production of marketable gas by Province for 1972. Alberta has about 

87 percent of Canadian gas plant Capacity and produces nearly 99 percent 
of Canadian gas liquids production. Marketable natural gas is delivered 
to gathering and trunk lines while the various liquids are either stored 
in tanks for distribution by rail or truck, or pipeline. This section 
is primarily concerned with pipeline distribution of NGL's and LPG's 

(in general terms, referred to as gas liquids). 

Table 8 presents relevant data on most of Canada's refined products 
and gas liquids pipelines. Refined product pipelines to several of the 
larger airports (eg. Vancouver, Montreal and Toronto) carrying jet fuels 
from refineries have been omitted from the table due to lack of data 
on these systems. The table identifies the operating company, ownership 
status, line characteristics and also other pertinent information. 

Gas liquids pipe line systems have somewhat different operating 
and cost characteristics from crude pipeline systems. The principal 
differences are related to the lower viscosity and gravity of products 
as compared to crude oils. Pumping and horsepower requirements are less 
than for equivalent volumes of crude oil thus permitting the use of smal- 
ler diameter pipe. In the transmission of crude oil by pipeline, for 
example, the smaller the pipe surface contacted per barrel of through- 
put the lower will be the friction created per barrel and thus pumping 
costs will be reduced. In gas liquids pipelines, the components of the 
pipeline system are similar but there are more stringent requirements 
in respect to product cleanliness, control of operating pressures (re- 
duced allowable pressure drops between pumping stations), and more ac- 


curate batch dispatching and monitoring equipment. Thus, while direct 
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TABLE 8 


NOTES 


Source: based on data given in Canadian Petroleum Association, 
Statistical Yearbook 1971, (Calgary: Canadian Petro- 
leum Association, September 1972,pp. 138-139. 


“alberta Products Pipe Line Company is owned by Gulf, Imperial Oil, 
Shell, and Texaco for their eventual use in transporting refined 
petroleum products from Edmonton to Calgary. At present only Gulf 
Oil Canada is using the line. Gulf is also the operator. The pipe- 
line completed one full years operation near the end of May 1972. 
Data is for the period May 1971 to May 1972 approximately. 


leyairares Petroleums' LPG's transported through its wholly owned line, 
Petroleum Transmission Company, are distributed to seven terminals 
along the line. Processed liquid product (LPG) is extracted from 
TransCanada's natural gas stream at Empress, Alberta and marketable 
Natural gas returned to the TCPL line while liquid product enters 
Petroleum Transmission's line to Winnipeg. TCPL is being paid for 
the product extracted and will eventually receive 50 percent of the 
Empress plant's operating profits once Pacific has recovered capital 
costs for the plant and pipeline. 


Sin 1963, Trans Northern's system flow was reversed following recommen- 
dations in Canada's National Oil Policy. After this date, products 

of the Montreal refineries, utilizing imported crude oil feedstock, 
would be marketed in the area east of the Ottawa Valley (NOP line). 
Consequently, Trans Northern's system is a closed system with flows 

of product east from Toronto to Kingston and west from Montreal to 
Cornwall and Ottawa. 


oThie line was originally shipping crude to Gulf's Saskatoon, Saskat- 
chewan refinery but has subsequently been converted to refined product 
movements for Terminal storage and distribution at Saskatoon. Gulf's 
Moose Jaw refinery is now producing only asphalt as is the company's 
Calgary refinery. 
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horsepower pumping costs for LPG's and other products may be smaller 
per barrel of throughput than for equivalent crude oil pumping, the low- 
er costs are offset by higher initial cost in equipment and controls 
and also in a requirement for controlled minimum operating pressure (so 
the product does not vaporize). 

Pipeline distribution systems for LPG's are at present confined 
to Alberta with only two lines, those operated by the Petroleum Trans- 
mission Company, and Interprovincial Pipe Line Company, connecting Al- 
berta with other provinces. The network of gas liquids pipelines in 
Alberta connect the gas processing plants producing gas liquids to re- 
fineries and terminals in Edmonton and Calgary. There are 129 gas plants 
in the Province although all are not producing liquids (see Table 7). 
The Petroleum Transmission Company gas liquids line connects the Empress 
Gas Plant with terminals in Regina and Winnipeg; the system is largely 
used for the distribution of propane although some other LPG's are car- 
ried. Interprovincial Pipe Line Company also carries unfractionated 
natural gas liquids on a common carrier basis from its Edmonton and Ker- 
robert Saskatchewan receiving stations directly to Sarnia for further 
processing and fractionation into liquified petroleum gases. Interpro- 
vincial's receipts of gas liquids at Edmonton and Kerrobert to date have 
come exclusively from Dome Porro ieunte excengive gas liquids gathering 
system in Alberta (including liquids received from Peace River Pipe Line) 
and from Dome's purchased liquids from the Empress gas plant for deli- 
very to the latter Company's Sarnia fractionation plant. 

There are some limited direct exports out of Canada (Alberta to 


the United States) of natural gas liquids at the present time and also 
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some limited movements from Dome's Sarnia fractionation plant to refiners 
and petrochemical just across the United States border. Applications 
and statements of intent to the Energy Resources Conservation Board of 
Alberta and the National Energy Board for removal and export of natural 
gas liquids, specifically ethane, have been filed by several groups. 
Dome Petroleum's application to the National Energy poardes ine Loy 2eTor 
the export of ethane and other liquids calls for the construction of 

a 2,000 mile gas liquids line from Edmonton to Green Springs, Ohio. 

At a hearing convened to review the application, a neutral intervention 
was tabled by a group called the "White Products Pipe Line Study Group" 
comprised of several producing, distributing and refining companies. 

The intervention stated the intention of the group to apply to the N.E.B. 
for permission to construct a natural gas liquids and refined products 
pipeline to follow a similar routing as that proposed by the Dome appli- 
cation. Propanes, butanes and condensates would be transported to a 
point near Minneapolis, Minnesota while refined products would be deli- 


vered to bulk terminals in Saskatoon, Regina, Brandon and Winnipeg. 


Refined Products Pa peligies 


Table 8 also includes a listing of seven operators of refined pro- 


eGrsnctiat Post Corporation Service, Dome Petroleum Limited, (Tor- 
onto: MacLean-Hunter Publishing Co., 1972), p. 2. 


Be cenraien Superior Oil, Chevron Standard Oil, Gulf Oil Canada, 
Hudson's Bay Oil and Gas, Kaneb Pipe Line Company, Pacific Petroleums, 
Pipe Line Technologists (Canada) Ltd., Texaco Canada, Imperial Oil and 


Trans Northern Pipe Line Company. 
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ducts pipelines in Canada. The products presently carried in these sys- 
tems are number one (high octane or premium) and number two (regular) 

motor gasolines, various grades of diesel fuels, other middle distil- 
lates, jet fuels and some fuel oils. These products are in ascending 

order of specific gravity, the lighter ends listed first and heavier 

ends, last. By volume the most important products systems are concentrated 
in the Montreal-Toronto-Sarnia axis linking major refining complexes 

in the three cities. 

Of major interest in these marketing areas has been the effect of 
the National Oil Policy in forcing the reversal of the Trans Northern 
Pipe Line's Montreal to Toronto products system in 1963. The system 
now transports product from Toronto refineries east to Kingston and Pres- 
cott, Ontario bulk terminals and from Montreal west to Cornwall with 
a spur line to Ottawa thus forming, in effect, a closed system having 
once been an entirely open east to west system. The Trans Northern sys- 
tem distributes product for its owners -- Gulf, Texaco and Shell -- 
on a private carrier basis. Other products lines extend from the Sar- 
nia refinery complex east to bulk terminals at Hamilton, Toronto, Port 
Hope and Port Credit, Ontario. The lines in question are Imperial Oil's 
Sarnia Products Pipe Line and the Sun Canadian Pipe Line. They are pri- 
vate carriers for their own companies’ product distribution. 

A network of pipeline systems also extends from the Montreal refin- 
ing complex to various bulk distribution points east of the city and 
to petrochemical plants in the Greater Montreal area. These are iden- 
tified in Table 8 as Imperial Oil's Quebec South Shore Products Pipe 


Line and Gulf Oil's Shawinigan Pipe Line. 
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In Western Canada, only two systems carry refined products to bulk 
terminal distribution points and only one of the two carries only refined 
products. The Interprovincial Pipe Line Company's line one (20 inch) 
carries refined petroleum products from Edmonton to Regina and one in- 
termediate point via another carrier (to Saskatoon via Gulf's Saskatoon 
Pipe Line). Although operating as a common carrier, the Interprovincial 
line is only being used at present by Gulf Canada for distribution of 
refined products from its new 80,000 barrel per day Edmonton refinery 
to bulk terminals at Saskatoon and Regina following closure of the Com- 
pany's refining operations in Saskatoon and Moose uae 

Of central interest in this study is the apparent trend toward con- 
solidation of western refining activity in the Edmonton area and servi- 
cing prairie petroleum products requirements through a network of pro- 
ducts pipelines. The trend has already been observed in the Gulf Oil 
Canada consolidation in Edmonton and distribution of the Company's pro- 
duct through the Interprovincial system to Regina and through the Com- 
pany's jointly-owned Alberta Products Pipe Line Company products line 
from Edmonton to Calgary. This facility, owned by Gulf, Imperial, Shell 
and Texaco, at present shipping only Gulf refined products to its 
Calgary bulk terminal following closure of the Gulf Calgary Refinery 
(Except for asphalt), will eventually be utilized by the other compan- 
ies. Imperial Oil's planned 140,000 barrel per day Strathcona Refinery 
at Edmonton will be coming on-stream in 1974 and closure of its older, 


lower volume plants at Winnipeg, Regina and Calgary is expected. Pro- 


Wes alge is still producing asphalt at its Moose Jaw and Calgary re- 


fineries. 
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duct distribution will be through the Alberta Products Pipe Line to Cal- 
gary and possibly through the Interprovincial Pipe Line system from Ed- 
monton east through Regina to Cromer, then through a private pipeline 
to Winnipeg. 

The Alberta Products Pipe Line (or APPL line as it is called by 
the operator, Gulf Oil Canad aes has been in operation for about fifteen 
months. It is presently configured as a 193 mile, 10 inch, 25,000 bar- 
rel per day capacity line powered by one 1,250 horsepower, electric mo- 
tor driving a single centrifugal pumping unit. A second pumping unit 
is planned for a station at Red Deer in 1973 which will boost capacity 
to about 50,000 barrels per day. The APPL line pumping and controls 
Station is located just east of Gulf Oil's Edmonton refinery and is pre- 
sently fed only by two lines (both 12 inch, one for motor gasolines and 
the other for diesel fuels) from the Gulf refinery. Provision for addi- 
tional product lines directly from the Imperial Oil and Texaco refineries 
has been accommodated in the design of station capacity and control sys- 
tems. Although the Edmonton station houses both the remote control and 
local station control units for the line, the former could be moved to 
any location off the line itself. 

One of the most important differences between a refined products 
pipeline and other petroleum liquids pipelines (eg. crude oil, natural 


gas liquids), is that refined products lines require sophisticated con- 


Ui ies information on the Alberta Products Pipe Line system was pro- 
vided to the writer by Mr. Harold Berg, Products Pipe Line Supervisor 


for Gulf Oil Canada. 
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trol and monitoring equipment for reasons of product quality control 

and safety. The latest available technology for maintaining product 
quality and line safety has been embodied in the APPL line. A simple 
device for measuring specific gravity of the product carried in the line 
is connected to a computerized gravity plotter ensuring constant moni- 
toring and detection of the interface between two types of product. 

This provides the operator with maximum flexibility in dispatching and 
receiving uniform quality products. In both the remote control units, 
computers assist the operator by automatically providing readouts on 
operating pressures, flow rates, temperatures, etc., at any one of the 
several metering points along the 193 mile span to Calgary. With these 
types of monitors, elaborate emerging shutoff valves and storage, and 

an effective telecommunications system, safety tolerances are maintained 


at a much higher level than other petroleum liquids systems. 


Natural Gas Pipelines 


As seen from discussion in an earlier section of this chapter, na- 
tural gas pipeline systems differ significantly from petroleum liquids 
systems. In the interests of completeness, the purpose of this section 
is to describe in general terms the gathering and trunk lines origina- 
ting in Alberta omitting any discussion of utility distribution systems 
originating at the city gate (point where local public utility gas com- 
panies purchase gas from the trunk lines). The discussion is intention- 
ally restricted since the central focus of the study is on petroleum 


liquids systems. 


The Alberta Gas Trunk Line Company (AGTL) operates the most exten- 
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sive trunk facilities, more than 3,400 line miles, within the Province 
of Alberta for delivery to the major interprovincial carriers - Trans- 
Canada Pipe Lines, Westcoast Transmission Company and Alberta and Sou- 
thern Gas Company. These Se connect with all of Canada east to 
Quebec plus United States regional lines and distribution systems. AG- 
TL's network links most of the Provinces! major gas fields and receives 
processed natural gas from secondary or gathering lines or directly from 
field processing plants. AGTL also exports gas directly to a few United 
States pipeline companies and indirectly from the Province to U.S. car- 
riers through the Alberta and Southern Gas Company, a gas exporting com- 
panye AGTL's 1972 installed, horsepower capacity is about 315,000 
while the largest pipe size is 42 inch. Its latest annual throughput 
was 1.436 trillion cubic feet in 1971. The TransCanada 3,797 mile pipe- 
line system starts at the Alberta-Saskatchewan border where gas is re- 
ceived from AGTL's trunk line near Empress, Alberta and extends east 
to Toronto and Montreal. Spur lines from the Company's main trunk lines 
connect with U.S. carriers distributing gas to Minnesota, Wisconsin, 
Michigan, New York and other eastern states. TransCanada's 1972 instal- 
led horsepower capacity is about 857,990 while its latest throughput 
was 831 billion cubic feet for 1971. Westcoast Transmission Company's 
1,000 mile system receives only part of its natural gas supply from Al- 
berta Gas Trunk Line, the remainder coming from gas fields in northern 
British Columbia. 

The importance of introducing natural gas pipelines in this study 
is to emphasize the potential differences in the cost structure of vapour 


phase versus petroleum liquids pipelines. The former have higher oper- 
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ating costs per equivalent BTU of energy transported. One thousand cu- 
bic feet (one MCF) of natural gas is equivalent to one million BTU's 
energy while one barrel of liquified natural gas (LNG), occupying ap- 
proximately 5.6 cubic feet, is equivalent to above 6.25 million BTU's 
or about 1,000 times the energy equivalent per unit of volume. This 
greatly simplifies the actual mechanics of comparing liquid gas lines 
from their vapour phase counterparts, of course, since feasibility com- 
parisons would usually include analysis of nature of the markets for 
natural gas, the costs of liquification and regasification, and costs 


of elaborate safety factors. 


alten HOtLAte do of aes tw 


inte oat. te0T 2 


t 6 ae er ee ns 
pee Gt ates a ra qunens ey. 


7, 
ehtT.; won Fe) Matt Fog sondedih gsm ai wonts oon, & ape oo | 
(Gil vag bi Ts grands Fo. 43 " law baer ots oe tbe Lap “a ta 

ar - 


‘hod yaliniléenst asale ,4aegedo 76 Lidia ae paduteeid vant ae 


<6 a com) neh | supa ba ane 


a TH null] fin . a g¥ode wi dial iv ae 


oa eget bin oA 4 td i bth bev pti bic vr ey ¢? Tings Oia “1 bihnew iG rt og 


aq 
7 
“ze bath Ms (IRS Te heat (bite esdndh typed 1c alee off van ie 


e@mmrsal ¢sets — de e . 


2Age 


CHAPTER THREE 


ANALYTIC FRAMEWORK 


This chapter reviews and extends the theoretical bases of cost analy- 
sis, transportation economics and location theory with specific reference 
to petroleum pipelines. Although considerable research effort has been 
allocated to regulatory and competitive aspects of the industry in the 
literature, particularly in respect to pricing practices (tariffs), com- 
petition and iavee national little has been attempted on the precise nature 
of costs of various types of petroleum pipelines in relation to overall 
transportation costs and biriiiene The first and major part of the chapter 
reviews and extends a framework suitable for analysis of pipeline costs. 
The framework is then extended to include a discussion of scale economies 
in pipeline transportation as this complements the cost analysis. A more 
general transportation economics analysis of tariff rate determination and 
structure is given. This is followed by a discussion of location theories 


pertinent to processing and refining petroleum products with particular 


Seempies are Leslie Cookenboo Jr., Crude Oil Pipe Lines and Compe- 


tition in the Oil Industry, (Cambridge, Mass: Harvard University Press, 
1955), 177 pp; and J. G. McLean and R. W. Haigh, The Growth of Integrated 


Oil Companies, (Boston: Harvard Business School, 195452 


Seo en noo 1954 study on the costs of operating crude oil pipelines 
remains the only detailed and published contribution of its kind in the 
field although some subsequent and partial efforts, borrowing from the 
Cookenboo study, have appeared in industry journals, See Leslie Cookenbo 
Jr., "The Costs of Operating Crude Oil Pipe Lines", in The Rice Institute 


Pamphlet, Vol. XLI, No. 1, (April, 1954). )epp. 135 arbiss 
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reference to the development of product pipeline systems. Finally, an 

introduction to scale economic factors in processing and refining as re- 
lated to transportation of petroleum and petroleum products is presented. 
The theoretical review and applications are supplemented by various pro- 


positions and hypotheses concerning emerging trends in pipeline systems. 


Cost Structure 
Conventional practice in micro-economic theory is to distinguish the 
cost categories listed below for the firm or industry. An industry con- 
text is used in this analysis since one could argue from the point of view 
of the field producer of petroleum that the pipeline company operating 
the gathering system behaves as a regulated monopsonist and from the point 
of view of the refiner the pipeline company operating the trunk system 


behaves as a regulated monopolist. 


Short Run Costs 

In a pipeline operational sense the conventional notion of short run 
costs has little relevance. Shortrun costs, comprised of variable and 
fixed cost components, illustrated in Figure 1 by AVC and AFC average vari- 
able and fixed costs respectively, shows the relationship between average 
total costs per unit of throughput (in barrels per day), ATC, and increases 
in throughput from additions to, say, labour and fuel. In pipeline systems, 
throughput can only be increased above the designed capacity by adding 
additional pumping equipment, labour and fuel. In a definitional sense 


the first of these is "fixed" and the latter two are variable in the short 


rune 
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FIGURE 1 


SHORT RUN COSTS 
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INTERMEDIATE AND LONG RUN COSTS 
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Intermediate Run Costs 


Most discussions on cost analysis of pipelines introduce the notion 
of intermediate run costs at this stage to reconcile the obvious analytic 
problems introduced by the irrelevance of short run costs in a pipeline 
Bonen on Intermediate run costs include those which are variable in the 
short run-- labour and fuel -- and also those which are not reversible 
such as additions to pumping capacity and horsepower. A cost-throughput 
relationship is thus derived and illustrated in Figure 2 where the average 
total cost curves, ATC, , show how unit costs vary with increasing through- 
put which in turn result from additional pumping capacity, labour and fuel. 
The family of average total cost curves, ATC, , apply to different plant 
equipment configurations but most important they show cost relationships 
for different pipe diameters. For a given level of throughput, say qT, 
barrels per day, the least cost system configuration would be that repre- 


sented by ATC, which might represent, say, 30 inch diameter pipe. Other 


1 
configurations using 36 inch (ATC, ) or 24 inch (aTC |) could conceivably 
handle the required throughput qT) but only at higher unit costs of opera- 
tion. 

It is necessary to point out one additional feature of intermediate 
run costs. Since there is a less than proportionate increase in through- 
put for a given increase in horsepower, line diameter remaining constant, 


average costs attributable to power will rise with throughput while those attri 


butable to line diameter which are fixed in the intermediate run, will 


3The discussions include Cookenboo (1954), "Costs of Operating Crude 
Oil Pipelines"; Joseph E. White, "Economics of Large Scale Diameter Pipe- 


lines'', Pipeline Engineer, (February, 1970) ppe 30 - 34; and Joseph E. White, 
"Economies of Scale", Oil and Gas Journal, Vol. 67, (January 2/7, 19695" pps 


149 - 156. 
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fall with increasing throughput. Thus, for lower levels of throughput 
average costs will fall gradually from the effect of falling average fixed 
costs but as additional power is required for higher levels of throughput, 
costs will gradually rise. This accounts for the characteristic u shape 


of the intermediate run average total cost curves, ATC,, in Figure 2. 
i 


Long Run Costs 


In a pipeline industry context, long run costs refer to the schedule 
of lowest unit expenditures for given levels of throughput in the range 
of throughputs under consideration. Declining long run costs are shown 
in Figure 2 by the darkened line LRAC. LRAC is also called the planning 
curve since it envelopes the minimum unit cost ranges of the intermediate 
run cost curves, ATC. , consistent with minimizing long run average total 


costs. Even though throughput volume T, at a particular time may be suf- 


L 
ficient to justify the plant size represented by ATC , ,which, incidentally, 
would be operating at lowest cost per barrel of throughput at oi for that 
particular size plant, the rational planner would install a plant and equip- 
ment configuration represented by ATC, thereby yielding lower unit costs 


Cc This planning behavior of providing excess capacity in the short run 


yh 
is acceptable providing there are declining long run costs or so-called 
economies of scale. Discussion in a later section of this chapter indicates 
that the pipeline industry has enjoyed and will continue to enjoy substan- 


tial economies of scale as the larger pipe diameters come into service. 


This proffers some evidence, then, for a declining LRAC in the figure. 


Pipeline Fixed Costs 


Fixed costs are defined as those costs which are incurred regardless 


of the level of production or throughput. Pipeline fixed costs, shown 
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graphically as AFC in Figure 1, constitute the largest portion of average 
total costs being approximately 65 to 75 per cent while variable or oper- 
ating costs comprise some 25 to 35 per cent, on average. For very large 
systems operating at or near capacity, it is conceivable that fixed expense 
or overhead items could constitute a smaller proportion than that cited. 
Other modes of transport have relatively higher proportions attributable 
to operating or variable expense (see Table 1, p. 9). Pipeline fixed costs 
are of two kinds: initial costs and recurrent costs. In the former cate- 
gory are included such items as the coLieuinest 

Fixed Initial Costs: 


(a) Right-of-way acquisition, legal and survey 
costs}; 


(b) line pipe materials and freight, construction, 
installation and engineering including valves 
and fittings; 

(c) station materials, construction and installa- 
tion including station piping, switchgear and 
meters, etc.; 


(d) motors and pumping equipment; 


(e) communications systems including telecommunica- 
tions and/or microwave equipment, data storage 
and retrieval systems, etce; 


(£) storage tanks and/or looping; and 


(g) terminal materials, construction and equipment 
installation. 


In the latter category are included such items as the following: 


Fixed Recurrent: 


(h) maintenance of line, pumping stations and 
communications equipment; 


ernie categorization is used by Cookenboo (1954), "Costs of Operating 


Crude Oil Pipelines". 
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(i) J line surveillance; and 
(j) administrative and insurance expenses. 

One of the principle bases of efficiency in the pipeline industry 
derives from relatively simple hydraulic and geometric properties. In- 
creases in pipe diameter obtain greater than proportionate increases in 
throughput carrying capacity. In fact, capacity varies as the inside pipe 
diameter to the power of 2.656. Thus, pipeline system investment in the 
fixed components identified above decreases rapidly as total capacity and, 
consequently throughput, increases. This is the basis of the hyperbolic 
shaped average fixed cost curve, AFC, in Figure 1. Also, since pipeline 
systems have a high proportion of total costs attributable to the fixed 
components, operation of the system at or close to design capacity is an 
obvious objective in order to obtain low unit costs of operation. Selec- 
tion of the optimal plant and equipment configuration including pipe dia- 
meter, wall thickness, pumping pressure and horsepower, station spacing, 
etc., is discussed in a later section of this chapter. The optimal con- 
figuration would determine the magnitude of fixed cost components in a 


pipeline system operation. 


Pipeline Variable Costs 


The fixed initial and recurrent cost components discussed above were 
said to be fixed in relation to throughput volumes although there are in- 
terrelationships between some of the items which make them variable with 
respect to each other. For example, line diameter (hence line pipe) re- 
quirements are related to pumping/compression power of a line. This sec- 


tion discusses those cost components which are variable primarily with 


throughput in barrels per day. It is noted, however, that the time con- 
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text in which these components are introduced is the intermediate run where 
irreversible but limited modifications to plant and equipment (such as 
added horsepower and/or pumping stations, pipe looping, etc.) can be intro- 
duced. 
The main items to be considered in this variable cost category are 
system maintenance, direct pipeline labour, and the cost of horsepower. 
Firstly, maintenance expense may be treated as being indirectly re- 
lated to throughput volumes by virtue of the former's association with 
the actual number and size of pumping stations and distances traversed by 
the pipeline system. While maintenance expense would not be incurred if 
there was no petroleum pumped through the line, this expense is less re- 
lated to the levels of throughput than to the numbers of pumping units 
and distances. White's estimates for maintenance expense for various sys- 


tem components verify this: 


TABLE 9 


MAINTENANCE EXPENSE 


Stub Lines $150/mile/year 
Trunk Lines $240/mile/year 
Tankage $0.015/bb1./year 
Stations 1.00/bhp/ year 
Meters 1.00/meter/year 


Source: Je E» White (1969), "Economies of Scale", p. 151 


Similarly, direct pipeline labour costs, including station supervi- 


° i cte 
sors, assistants, operators and casual labour appears to vary more dire 
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ly with the number of pipeline pumping stations than with actual through- 
put levels although in shutdown periods and for limited throughputs labour 
requirements are minimal. It is important to emphasize here that on a 
modern pipeline system, there may be only a few manned master pumping sta- 
tions fully equipped with communications and control equipment capable of 
remotely operating a greater number of un-manned stations. A typical semi- 
automatic pumping station would require a daytime station supervisor or 
chief engineer and one or two operators and two assistants per day shift. 
If the line is in continuous operation, afternoon and graveyard shifts 
would be required thereby increasing total labour requirements although 
fewer personnel are needed on these. 

Finally, the most important component of pipeline variable and opera- 
tional costs is the cost of horsepower. This varies with throughput and 
a related parameter, pipe diameter. Once the volume of oil to be trans- 
ported has been determined, and inside pipe diameter is given, horsepower 
requirements are determined by application of Miller's POrmaiae for hydrau- 
lic calculations, yielding a flow rate in barrels per hour which is related 
to a pre-determined hydraulic horsepower equivalent per barrel of through- 


put. Hydraulic horsepower is then deflated by efficiency indices for the 


a MikhLenta Formula for hydraulic calculations relates throughput in 
barrels per hour to inside diameter, pressure drop, specific gravity and 
viscosity, ie. T =T (P,S,d,Z) where 


= throughput in barrels per hour 
= pressure drop psi/mile 
specific gravity 

inside pipe diameter (in.) 

= viscosity in centipoises 


NAM WH 
i} 


See J. Es White (1969), "Economies of Scale", p. 149. 
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pumps and motors to derive actual horsepower requirements. These relation- 
ships are illustrated in Figure 3 which shows a vertical cross section 

of a pipeline production function, horsepower and throughput as variables 
with pipe diameter constant. It can be inferred from the figure that for 

a given plant and equipment configuration, say for a 26 inch pipe system, 
increased applications of horsepower obtain less than proportionate increases 
in throughput barrels per day. This implies diminishing returns to horse- 
power if dollar valuations are used on both axes. The diminishing returns 
phenomenon is based on the fact that for a given size pipe, larger through- 
puts induce greater friction and hence greater pumping pressures are re- 
quired to move the oil. 

When pipe diameter is variable in the long run, the friction factor 
accounts for the fact that greater than proportionate increases in through- 
put are obtained from application of the same amount of horsepower in a 
larger diameter line. These characteristics explain the shapes of the 
production functions in Figure 3, pipe diameter held constant. The curves 
individually are concave to the origin (decreasing returns) but increase 
in relative slope with increasing line diameter. In the larger diameter 
pipe sizes over 18 inches, some increasing returns to horsepower in the 
lower throughput ranges may result due to insignificant increases in fric- 
tion. (These latter increasing returns are not illustrated in the figure 
however since a convex portion in the lower throughput/horsepower ranges 
would indicate this.) 

In the discussion of intermediate run costs earlier in this chapter, 
it was’ shown that it is less costly to underutilize a given diameter pipe 


system than to use the next lower size system to its minimum cost scale. 
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FIGURE 3 


VERTICAL CROSS SECTION OF PIPELINE PRODUCTION FUNCTION 


Throughput 
(thousands 
13/d)) 


Horsepower 
(thousands ) 


Source: based on Leslie Cockenboo Jv., (1955), Crude Oil Pipelines, 
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(See also Figure 2 where for throughput Th > the configuration represented 
by ATC, is less costly than that of ATC, even though the latter would be 
used optimally). This implies that on efficiency grounds, any pipeline 
should be powered originally for a throughput less than the optimal for 
that particular line size and later, horsepower can be expanded to achieve 


lower unit costs. 


System Optimization 


At the planning and design stage of a pipeline system all of the com- 
ponents discussed up to this point and others which have been omitted from 
discussion are taken into consideration in arriving at an optimal confi- 
guration of plant and equipment -- pipe diameter, horsepower, etc. -- for 
the ranges of throughput volumes expected over time. coswentest has sim- 
plified the design problem to determination of the least costly combination 
of the following variables: line diameter, horsepower, wall thickness, 
safety factor and operating pressure. The theory parallels conventional 
n-factor production function analysis whereby each factor is utilized up 
to a point where the value of its marginal contribution to production equals 
its marginal factor cost or factor price. Cookenboo's study reduces the 
n-factor case to a three factor case, in pipe diameter, horsepower and mis- 
cellaneous components, establishing constant values for the safety factor 
(a function of pipe yield or bursting strength) and wall thickness (assumed 


to be minimum consistent with specified safety factor) thereby pre-determining 


on E. White (1969), "Economies of Scale", p- Sa phe 


Verrevesiee (1954), "Costs of Operating Crude Oil Pipelines", pp. 100-112. 
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operating pressure. This reduces the problem to one of determination of 
optimum line sizes for various throughput ranges. Thus, with throughput 
and line size so determined and wall thickness and pressure predetermined, 
horsepower is Gereroinede: 

The basis of the preceeding discussion can be clarified somewhat by 
reference to a mathematical and graphical presentation of production plan- 
ties Consider the family of isoquants of the form 

Goa Pqs 2" Ge, =,) 


ine : 
where q is constant production or throughput in, say, barrels per day at 


level i; xy is horsepower and x inside pipe diameter, both variable 


9? 
factors of production. There are reasonable grounds for suggesting that 
these factors could be considered as proxies for the conventional labour 
and capital factors of production theory since the former, horsepower, 

is analogous with variable inputs such as labour and fuel and the latter, 
diameter, is associated with capital. (Originally diameter was considered 
fixed in this analysis and so was perfectly analogous to capital. Now, 

it is considered variable in a planning context.) Production at the rate 


of q can be achieved by the application of different amounts of the two 


variable factors, x) and Xo Figure 4 shows a family of isoquants, the 


Sceekenboo Cia), SCos tae se isos pul 


"The mathematical and graphical analysis follows that given in 
James M. Henderson and Richard E. Quant, Microeconomic Theory -- 
A Mathematical Approach, (Toronto: McGraw-Hill Book Company, 1958), 
pp. 44 - 50. 
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FIGURE 4 


PRODUCTION FUNCTION FOR PIPELINES: LINE 
DIAMETER VERSUS HORSEPOWER (Throughput constant) 


Cost. of 
Line diameter 


(x,) 


Cost of 
Horsepower (x, ) 


Source: based on Leslie Cookenboo Jr. (1955), Crude Oil Pipelines, 
Deel -emror the sake of simplicity a family of continuous oe ieee 
been shown above. In reality pipe sizes and power pense ch Doane sie 
in perfectly divisable units so the function would be discrete 


continuous. 
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loci of which show all possible combinations of x} and Xo which yield the 
ee i 
specified outputs q . Thus, the total differential of (1) 


OOF dq= f dx. 4 £. dx..= 0 


1 1 Jie? 
for movements along the same isoquant where fh and f., are the first par- 
tial derivatives of (1) with respect to x} and Xo° These partials are 
also the marginal productivities of the factors. 

The optimization problem becomes one of determining the least costly 
combination of factor inputs xy and Xo that will yield given levels of 

i ; : ; 
output q . This requires the introduction of an isocost function of the 
form given below in equation (3) showing the relationship between speci- 
: . A 1, ? 

fied total variable costs of production, C , factor prices vy and Los and 


the quantities of these factors xy and Xo * The isocost family of functions 


GJIC = T,X + To X + b 

show the loci of input combinations that may be purchased for a specified 
total cost, ea Prices of the factors xy and Xo denoted by T) and ro re- 
spectively, in a pipeline industry context are composite prices. That is, 
the unit costs of these factors include all initial outlays variant with 
line diameter and horsepower (eg. line pipe, valves, pumps, etc.) as well 
as all subsequent line and station operating expenses (eg. power, labour, 
maintenance, etc.). Diagramatically, the optimum configurations or input 
combinations for specified levels of output are the tangency points E. 

of the isocost lines ct with the isoquants a in Figure 4. In analytical 
terms, the first order conditions for a constrained cost minimization are 


derived in the following way. The problem is stated as 


(4) Minimize Z = r)X1 + ToXo 
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a) Subject to q° = f (x), x5) 
where Z = total cost of production 
Th» To = prices of factors x and x5 
° 
q = specified output level 
Forming the Lagrangian function (6) and differentiating with respect to 
Xp» Xo and the Lagrangian multiplier“, obtains 
6 L = —_ 
(6) r, X) + Ty X) +x C4 f£ (x, 5 X5 Nes 
G7) pi FS TY -A ft, = O for minimum 
ax, 


(8) aL = 7) - Ae, = 0 for minimum 


3 
*9 


(9) @L =q°- £ (x, 5 x,) =O for minimum 
of 
Setting (7), (8) and (9) equal to zero (first order condition for a min- 
imum) and dividing (7) by (8) restates the first order condition for con- 


strained cost minimization and tangency as 


ClOUma ysl n erro RTS 


Thus, for tangency and constrained cost minimization the ratio of the fac- 
tor prices must equal the rate of technical substitution of the factors 
RTS or the ratio of the marginal productivities of the factors. 

Table 10 presents Cookenboo's 1952 results of the above stated general 
constrained minimization problem for a typical 1000 mile crude oil pipe- 
line system. The data given is for 1952 and shows optimal line diameters 
consistent with cost minimization for throughputs ranging from 50,000 bar- 


rels per day to 400,000 barrels per day. Minimum costs in each throughput 
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TABLE 10 


ANNUAL COSTS OF CRUDE OIL TRUNK 
PIPE LINE OPERATION -- 1000 MILE LINES 


Line 
Diameter (in.) 


(1952) 


Total Annual 
Costs (000's of $) 


11,498.4 
11,005 .8* 


Costs per barrel 


per 100 miles (cents) 


528 
226% 
Zeon 


5.10 
1.62* 
1.78 


ia) 
1.26* 
1 236 


il 236 
1.07* 
apa 2 


1.67 
095 
285 


ae, 
2/o* 


based on Leslie Cookenboo Jr., (1954), "Costs of Operating 
Crude Oil Pipe Lines", pp. 106, 107. 
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range are denoted by an asterisk. Several simplifying assumptions were 
used by Cookenboo all of which could be adapted to suit particular situa- 
tions: 


ae reference crude oil is 34°API gravity with a 
viscosity of 60 SUS (Saybolt Universal seconds); 


be no net gravity flow over the assumed five per 
Cént terrain, variation; 


ce 25 year project life, four per cent interest 
rate, and one per cent property tax (federal 
income tax not included); 
d. wall thicknesses all assumed to be one-quarter 
inch with safety factor of 1.6 (ie. _ratio of 
yield strength to maximum operating pressure). 
Unfortunately, these simplifying assumptions do not conform closely 
to the actual mechanics of pipeline design and planning. Although assump- 
tions (a) and (b) above could easily be changed to suit alternative geo- 
graphical circumstances and different grades of crude oil, changes in 
assumptions (c) and (d) considerably complicate the analysis. Project 
life for tax and payout purposes may differ substantially due to the degree 
of risk involved. It has been mentioned that the payout period for the 
proposed Arctic pipelines would suitably reflect the high degree of risk 
in laying pipe under high cost and environmentally stringent conditions 
and particularly where reserves of gas and oil sufficient to support a 
large scale pipeline are as yet unproved. Interest rates, being a proxy 
for the price of capital, directly affect decisions concerning the trade 
off between fixed and variable cost proportions in pipeline design. An 
example will illustrate the complexity of this problem. 


Consider the possible trade offs between using thicker wall "tele- 
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spapeiie pipe versus thinner wall pipe throughput. In the former case, 
Savings accrue as a result of fewer pumping stations operating at higher 
discharge pressures but these savings are offset by higher costs for the 
steel pipe which is priced in dollars per ton plus freight and higher sta- 
tion operating costs. In the latter case, thinner wall pipe having a lower 
yield strength (conventional non-alloy steel) requires lower operating pres- 
sures and shorter pumping station spacing but these higher costs may 

be offset by substantial savings in the costs of pipe. With some risk 

of oversimplification, it can be stated that the main criteria in consi- 
dering these tradeoffs are the relative prices and costs of fixed capital 
components (including interest charges on debt and equity allowance for 
risk and other opportunity costs) and those of the variable factors (labour, 
fuels, etc.) even though the latter have been shown to comprise a smaller 


proportion of total costs in the pipeline industry. 


Economies of Scale in Pipeline Operation 
It will be recalled that the long run average cost function was de- 
fined as the envelope curve to the intermediate average cost functions, 
embracing the minimum cost ranges on these curves for each level of through- 
put with all inputs including pipe diameter variable. Declining long run 
average costs are economies of scale in this context and it is to the frame- 


work for analysis of these factors that the discussion now turns. 


Approaches to Empirical Verification 


Two possible approaches to empirical verification of scale economies 


10m elescoping" of line assembly refers to the joining of pipe lengths 
of different wall thicknesses. Usually thicker wall pipe is used at the 
discharge end of a pump station due to the higher discharge pressures and 


consequent, requirement for higher yield strength pipe. 
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prevalent in pipelining are possible. The first is based on accounting 
data from company sources. Apart from the near impossibility of actually 
obtaining research access to such data from individual companies, the use- 
fulness of such information is doubtful since invariably it is neither 
disaggregated from total company operating expenses nor categorized by 
line diameter or horsepower configuration. Generalizations to other types 
of pipeline systems and similar systems in different terrains or environ- 
ments would be hazardous. Cost differences between pipeline systems could 
also be accounted for by unstable demand patterns in the markets served, 
different qualities and types of petroleum (and products) transported, 

and efficiency and age of the plant and Sati pen ae Milton Friedman points 
out the additional conceptual difficulty that if the firm has made a mis- 
take in planning system capacity which is either smaller or larger than 
the optimal size, the loss from the mistake will have become capitalized 
either by accounting practice or ownership Eianeeshee thereby concealing 
the exact nature of costs as theoretically defined by the economics lit- 


erature. 


on excellent summary of these problems is given in John Haldi and 
David Whitcomb, "Economies of Scale in Industrial Plants", Journal of 


Political Economy, Vol. 75, No. 4, (August, 1967) pp. 373-385. See also 


, "Appendix to Economies of Scale in Industrial Plants", 
2 . . 
(August, 1967), Cmimeographed]; Caleb E. Smith,"Survey of the Empirical 


Evidence on Economies of Scale'', in Business Concentration and Price Policy, 


A Conference of the Universities-National Bureau Committee for Economic 
Research (Princeton: Princeton University Press, 1955) ppsuclt=2o0r 
Milton Friedman, "Comment", op. cit., ppe 230-238; and J. Johnston, Sta- 
tistical Cost Analysis, (New York: McGraw-Hill Book Company, 1960) esp. 
pp. 186-194. 


Bari edncne "Comment"', pe 232. 
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Haldi and Whitcomb have made a reasonable case for the use of en- 
gineering cost estimates in empirical studies of scale economies since 
the assumptions embodied by the engineering estimates are similar to those 
underlying the envelope Ate These are the constancy of relative fac- 
tor prices and supplies, homogeneous product, and similar embodied tech- 
nologies as between plants. Haldi and Whitcomb further postulate that 
even though engineering estimates may err substantially, the relative slopes 
of the cost curves are not likely to be significantly changed. So, while 
absolute cost levels are susceptible to some inaccuracy, scale economies 
as reflected by the relative slopes of the cost curves, would be reason- 


ably well estimated by engineering data. 


Technological Scale Economies 


Following the Haldi-Whitcomb analysis, it is possible to break down 
pipeline economies of scale into those associated with technological scale 
economies in the costs of basic industrial equipment, those associated 
with construction and installation costs, and finally those associated 
with operating costs. By the former is meant that increases in plant ca- 
pacity require a something less than proportional increase in materials 
and labour. In a pipeline context, it has been obvious that such econo- 
mies obtain as a direct result of the geometric property that pipe capa- 


city increases more than proportionately with diameter. The approximate 


TeLatloneis,. ip fact, 


Hal! and Whitcomb, "Economies of Scale in Industriatee Lancs, 
Dero /4. 
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where T = throughput 
D = inside eee 

Circumference and wall thickness the chief determinants of materials 
costs and capacity is determined by cross-sectional area, length and strength. 
Thus, if the cylindrical area, A, of a pipe section of length L, is given 
by 27tr . L and the volume of the same section, V, by Tt ah an increase, 
x, in the pipe radius yields a greater than proportionate increase in the 
volume of the pipe section compared to the increase in circumference. 
thateis, 

iy Se te 

At = 20 (r + x) L = 20 rL + 277-xL 
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Economies of Scale Attributable to Construction and Installation 
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Costs attributable to construction and installation costs, unlike 


eee 


niece (1970), "Economics of Large Diameler see, DersuU.e 


Nee demonstrated by Cookenboo (1955), Crude Oil Pipelines, p. 20. 


- ¥ 7. ; _ tk rinagine it ‘A o : 
Seem er, .7 ere? Hpac aad un er meh weeny 
someon na = 4 a way haat ‘ sr wg ee ns — 
ony at seh tond asony Bipqeag a Sein i i ab Pe 


ieee 
SONIA) PLD) tab Bunbarsil, ody ear aia 


4 
- Ay a) vend 
2 


y? 
| ing) 4 


dn Wl eda Pie Tee aS = A 
| are Tw Ma 
| ve 


a Pry & day PS Jane, aC sine v 
i Febh bere tw) 


igs ‘gale Ge oer 


7 = 


Oh a, ae do totam” (OT8s) _ 


2 RR toed et uaa a 
- 7 — 7 


vie 


those which derive from the technological properties of pipelines as dis- 
cussed above, may either decline or increase but most certainly are not 

as amenable to analysis due to the problem of indivisabilities in the sizes 
and ranges of equipment available in a pipeline system. This problem may 
be expected to directly affect materials cost and installation cost esti- 
mates although the available range of pipe sizes and specifications and 
pumping equipment is expanding. 

It is necessary to establish in this section that costs per barrel 
of throughput associated with construction and installation and materials 
costs of larger diameter lines declines. It is reasonable to expect that 
while installation costs of a 36 inch diameter line as compared to a 32 
inch diameter line would be greater in the absolute sense, it is also 
reasonable to expect that many of the other fixed cost items such as right- 
of-way acquisition, surveying and line preparation, etc., increase less 
than proportionately with the costs of diameter increases and thus, aver- 
aged over greater throughput, scale economies are attainable. 

A priori, it is similarly reasonable to expect that economies of scale 
are realized on labour, power and utilities costs. In the first instance, 
it has been pointed out that direct labour includes station operators and 
Maintenance crews; these vary neither with throughput nor pipe diameter 
but with the number of stations and distance. Since most stations are 
on semi-automatic operation, operators and other staff perform largely 
a monitoring, supervisory and dispatching role which can be accomplished 


by approximately the same numbers of staff for any throughput or any pipe 


diameter. In respect to power and utilities components of operating costs 


the potential for scale economies is quite evident. It is a well established 
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fact that the same amount of horsepower applied to a larger diameter pipe- 
line obtains a greater throughput due to lower friction. This may be ex- 
tended to infer that with greater pipe diameters and larger required through- 
puts over time, horsepower requirements and power costs increase something 
less than proportionately. Also, a possible reinforcement to the existence 
of positive scale economies in the use of power might be the lower unit 

power costs for larger block power purchases since most power utilities 


charge on a declining block rate structure. 


Empirical Evidence of Scale Economies 


Reference to Table 10 quite clearly shows that total annual costs 
of pipeline operation per barrel of throughput declines with increasing 
throughput and with increasing pipe diameter. The components of average 
total costs of operation are seen to be comprised of horsepower costs, 
the cost of line diameter (pipe materials) and other miscellaneous annual 
expenses. Inspection of data in Table 11 verified the following observa- 
tions about the nature of scale economies vis a vis the above cost compon- 
ent for optimally configured pipeline systems (ie. diameter of line con- 


sistent with least annual costs per barrel of throughput ): 


ae Horsepower costs (initial and recurrent) 
per barrel of throughput for pipelines of 
over 1000 miles declined from $0.07 per 
barrel in 10 3/4 inch diameter line designed 
to carry 25,000 b/d to $0.021 per barrel in 
32 inch diameter line designed to carry 400,000 
b/d. (Costs of horsepower expressed in cents 
per barrel per 100 miles declined from $.007 


to $.002). 


b. Cost of line diameter (ie. pipe materials 
costs and installation) per barrel over a dis- 
tance of 1000 miles declined from about $24 


per barrel ($.024 per barrel per 100 miles) in 
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a 10 3/4 inch, 25,000 b/d line to $0.048 per 
barrel ($0.005 per barrel per 100 miles) in 
a 32 inch, 400,000 b/d line. 

ce Miscellaneous other costs, while increasing 


in absolute terms over the throughput ranges, 


declined substantially when averaged over through- 
put. 


So much for observed scale economies based on Cookenboo's 1952 data. 
What was intended to be established here was that there is some evidence 
for concluding pipeline long run costs in fact decline with both increa- 
sing diameter and increasing throughput. Although the absolute cost mag- 
nitudes of the cost components undoubtedly have changed since the study 
was done, it is rather unlikely that relative costs have altered such as 
to reduce potential returns to scale. It is entirely possible that with 
the installation cf more sophisticated control equipment and a greater 
degree of automation in some lines, the costs of these fixed components 
have risen relative to those of power and labour, thereby reinforcing 
the potential for increasing returns to scale in the larger throughput 
ranges. 

It is useful to mention one other approach to the empirical study 
of scale economies in pipeline systems. Haldi and Whitcomb, deriving a 
measure for scale economies in industrial equipment utilization, postulate 
that returns to scale from technological/geometrical factors, such as the 
volimescircimterence relation analyzed earlier in this section, can be 
functionally represented by 
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measure of capacity 
b = scale eoetrictent.: 

A value of b <1 implies increasing returns to scale or decreasing unit 
costs, b > 1 decreasing returns, and b = 1 constant returns to scale. 
Observations on the variables were drawn from engineering cost estimates 
and the equation estimated by ordinary least squares regression using a 
logarithmic transformation of (13) above of the form 

Cl4jeelog C= log a + b log X 
Although Haldi and Whitcomb's study sampled only one cross-country pipe- 
line system, their estimate of the scale coefficient, b, was 

(15) .60 <6 < .70!/ 
indicating moderate economies of scale in this one system. 

Using this particular regression approach to estimate the scale co- 
efficient obtained a similar result when applied to Cookenboo's 1952 data 
(from Tables 10 and 11). If pipeline capacity X in barrels per day is 
regressed on total annual costs of operation, C, sampling only the 11 op- 
timal least cost configurations in the Cookenboo data (ie. diameter and 
throughput configurations yielding the lowest per barrel total annual costs 
as given in Table 11) and utilizing the logarithmic transformation of the 


basic exponential form of equation (13), the following estimate of equation 


(14) resulted 


raldt and Whitcomb, "Economies of Scale", p. 376% 


emetic and Whitcomb, "Appendix to Economies of Scale in Industrial 
Plants". 
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C16)" Loe G= 1.49117 + 45483 log X 
(24.881) (Bg WE) 


or, having taken antilogarithms 
GPS eae = 
It would seem, therefore, that there are reasonable empirical grounds 
for suggesting the existence of potential scale economies in pipeline 
operating costs with increases in capacity. Estimates of both the inter- 
cept and slope coefficients are significant as shown by the inspection 
of values of the t statistic in brackets under the coefficient estimates. 
Several qualifications regarding possible interpretation or application 
are in order, however. The Cookenboo data, upon which the above simple 
linear regression was based, was cross-sectional, non-homogeneous indus- 
try engineering cost data and as such wide variations in the magnitudes 
of the cost estimates were possible due to different operating conditions 
of the lines surveyed. Also, the computed scale regression coefficient 
was based on 11 observations only of optimally configured systems. 
Regressing capacity as measured by throughput barrels per day on an- 
nual horsepower costs (which average 25 to 35 per cent of total operating 
costs, the dependent variable of the first regression above) yielded 


(18) log Cyp = 1.0092 + sally slog =x 
(204955) C5e25592) 


and the somewhat surprising result that the estimated scale coefficient, 
ay * 
b = .41217, was smaller than that estimated in the total annual cost re- 


gression. This would indicate greater potential scale economies. Recall 


that the degree of potential scale economies is inversely related to the 


value of the scale coefficient. That the smaller the scale coefficient, 


the greater is the potential for scale economies. 


(Cor, i 
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Although the coefficients are both significant at the one per cent 
level in the second regression, the intercept coefficient is not signifi- 
cant at the five per cent level. This fact combined with the unexpected 
lower estimated scale poet eiclentan indicates most probably that the data 
is at fault and a larger cross-sectional sampling of engineering cost es- 
timates for optimally configured systems would lead either to the abandon- 
ment of the specification of the regression in its present form, thus re- 
jecting the scale relationship between horsepower annual costs and capa- 
city, or a confirmation of the a priori expectation of a scale coefficient 
higher than that estimated in the first regression. It is certainly ex- 
pected that with the greater proportion of total annual pipeline costs 
attributable to the costs of diameter (and other fixed costs), estimates 


of the scale coefficient would be higher than those for horsepower costs. 


Pipeline Transportation Costs 
This section is concerned with integrating elements of the derived 
cost structure in the previous part with a more general transportation 
economics analysis of petroleum. Specifically, what is intended is to 
represent the basic structure of pipeline transportation costs of petro- 


leum by tariff rates of the principal pipeline operators. 


Basis of Pipeline Wa daisiss 


The basis of tariff structures in Canadian interprovincial petro- 


leum pipelines is the determination of a fair and reasonable rate of return 


one would expect a higher estimate of the scale coefficient 
feeb >> 50, reflecting considerably lower potential scale economies. 
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yf: 
on the allowable rate base. If a common carrier public utility, the pipe- 
line company's charges are open to some degree of scrutiny by the National 
Energy Board. In the case of crude oil pipelines, second and third party 
objections to tariff rates can be heard by the N.E.B. and some interven- 
tion in setting the tariff might be expected after a hearing convened to 
hear these matters. To date, however, the N.E.B. has not directly inter- 
vened in the determination of a fair and reasonable rate of return. This 
rate for crude oil lines has stablized at about 10 per cent on the value 
of plant and equipment. In the case of natural gas pipelines, the N.E.B. 
and numerous public utilities boards at the provincial and municipal level 
have the authority to intervene in the establishment of rates of return 
since gas lines are more properly public utilities. 

Allowable rate bases upon which the rate of return is set differs 
with the commodity handled (crude oil, natural gas, etc.). Generally speak- 
ing, though, the base would be comprised of investment in plant and equip- 
ment and some components of operating (or variable costs). The National 
Energy Board Act which specifies uniform accounting practices for all pipe- 
lines within its jurisdiction sets the rate base for gas and oil pipelines 
but, as has been mentioned, only for gas lines has it actually intervened 
in the determination of a fair and equitable rate of return. However, 
shippers of crude oil do have recourse to request a hearing and adjust- 


ment to the carriers tariffs if the shipper feels the rates are unreason- 


able. 


The researcher cannot go much beyond the point of examination of de- 


termination of the rate of return on the rate base before the realm of 


accounting practice and interpretation is entered. However, it 1s possi- 
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ble to establish a general approach to determination of the cost of ser- 
vice following general industry financial practices which will partially 
help to resolve the preceeding cost analysis approach to transport costs 
versus the accounting approach. Amortized total costs of investment for 
pipelines depends on the debt/equity structures of the new or existing 
pipeline. In capital intensive, high fixed cost pipeline systems, up to 
75 per cent debt financing is common with something in the order of 25 
per cent from equity financing. The respective rates of return on these 
portions naturally varies with the degree of risk, allowance for equity 
rates being higher than return on debt financing. The other components 
of amortized annual cost would include an allowance for other interest 
payments, and allowances for federal income tax and maintenance. 

A hypothetical example of the cost of service formula will help clari- 
fy this discussion. Assuming a three to one debt/equity ratio (ie. 75 
per cent financing), annual cost of service might be determined by summing 
the following components: 


ae Annual debt financing charge at 10 per cent 
per annum 


b. Annual equity financing charge at 15 per cent per 
annum 


c. Yearly annual costs of operation 
d. Other interest payments at 10 per cent 


e. Federal income taxes at 3 per cent of annual 
operating costs 


f. Maintenance costs per year at 2 per cent of 
investment in plant and equipment 


cate ce: Edward A. Jones, Consulting Engineering, Interview, 


(Calgary: August 2, 1972). 
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Adding the approved or expected annual rate of return to this base would 
determine the annual cost of service for pipelines. Actual pipeline tar- 


iffs are then set such as to earn the rate of return and cover the expected 


cost of service so determined. 


Structure of Pipeline slarit es 


The nature of costs in the pipeline industry account in large part 
for the peculiar structure of pipeline tariffs. With large proportions 
of annual costs attributable to the amortized initial and recurrent expenses 
of plant and equipment, and smaller proportions attributable to variable 
or operating expenditures on labour, fuel, etc., it is necessary to struc- 
ture tariffs so as to attract the greatest distance throughput volumes 
to cover fixed costs. It is for this reason that transportation tariffs 
on petroleum are "telescoped". Although the tariff on crude petroleum 
from Edmonton to Sarnia is higher in absolute terms than the tariff from, 
say, Regina to Sarnia (ie. $.47 per barrel Edmonton to Sarnia, $.39 Regina 
to Sarnia), the marginal rate is lower over the longer distance (ie. Ed- 
monton to Sarnia - $.027 per barrel per 100 miles compared to Regina - 
Sarnia at $.0288 per barrel per 100 miles). The explanation for the dif- 
ferential or telescoping marginal rate structure lies in the fact that 
greater volume demands originate in the Province of Alberta than crude 
sources closer to the eastern refining markets. Also, loading, terminal 


and storage expenses are higher per barrel on lower volume and shorter 


distance throughputs than on large long distance batches. 


Tariff structures for the two main interprovincial crude oil pipeline 


systems (Trans Mountain and Interprovincial) are given in Tables 12 to 15. 
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TABLE 15 


TARIFF STRUCTURE 
IN ¢ PER 100 BARREL MILES 
INTERPROVINCIAL PIPE LINE COMPANY 


Distance Crude O11 sfarttt Rene G IREeehtteies; arene 
Edmonton to (miles) (¢/100 bbl. miles) (¢/100 bbl. miles 
Hardisty Station 125 GeoZ a= 
Kerrobert Station 225 ayy) eee 
Milden, Sask. 300 ee Bel] 
Regina, Sask. 438 dey, 4.70 
Gretna, Man. P12 3360 aoe 
Sarnia, Ont. 1741 DalO 2.95 
Toronto, Ont. 1897 Dees La 
Kerrobert to 
Regina 220 5630 ---- 
Gretna 547 4.59 eee 
Sarnia 1516 ras tate 
Toronto To/Z Zero sone 
Regina to 
Gretna 334 4.67 ---- 
Sarnia 1303 2.99 ---- 
Toronto 1459 2.88 ---- 
Cromer to 
Gretna 175 5.89 Goss 
Sarnia 1144 Shes pees 
Toronto 1300 2.99 Sosa 


Source: Computed from Interprovincial's published tariffs and 


approximate measured distances. 


Sone 


Table 12 presents Trans Mountain's published tariffs on crude oil, 
stablized and/or debutanized crude oil and condensate, natural gas liquids 
or indirect unrefined liquid products of oil and gas wells and processing 
plants, natural gasoline and liquified petroleum gasese The above are 
in ascending order of API gravity and tariffs listed in the Table are by 
API gravity groups, the lighter products (ie. greater API gravity) being 
relatively cheaper to ship than the heavier crudes. The telescoping na- 
ture of the structure of Trans Mountain's tariff on crude oil can be seen 
from Table 13 where marginal rates vary from $.09 per barrel per hundred 
miles over shorter distances to $.055 per barrel per hundred miles over 
the longer Edmonton-Anacortes haul. 

A similar telescoping rate structure exists on the Interprovincial 
Pipe Line Company system to Sarnia (see Tables 14 and 15) with marginal 
rates on crude oil varying from $.063 per barrel per hundred miles to $.026 
per barrel per hundred miles. Direct comparison of the tariffs for refined 
products in the Interprovincial system and gas liquids in the Trans Moun- 
tain system are not possible, however, since Trans Mountain has no esta- 
blished tariff on refined products or the more volatile gas liquids. It 
is interesting to note, nevertheless, that Interprovincial's tariffs for 
refined product and processed petroleum products are higher than its tariff 
on crude petroleum while Trans Mountain's tariff on gas liquids including 
condensate is lower than its tariff on crude oil. This is due to the fact 
that Trans Mountain has approval only to carry petroleum products whose 
blended vapour pressure is not in excess of 15 pounds SE: 100° Fahren- 


heit. While products with higher pressures may be accepted, they must be 


that the 
mingled with lower pressure product, condensate or crude such tha 
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blended batch does not exceed this specification. Generally speaking, 
though, refined and processed petroleum products (NGL's and LPG's) cost 
slightly more to transport in a pipeline due to greater safety, control 
and batching requirements for these more volatile commodities even though 


the lighter less viscous products are more easily pumped. 


Share Estimates of Petroleum Transportation Costs 


The share of crude petroleum delivered prices attributable to pipe- 
line transportation costs is easily determined by reference to a current 
field price series and published tariffs of the gathering and trunk line 
operators. Results of share computations for selected Alberta crude oils 
from different fields and with different gravities is presented in Tables 
16 and 17. The particular reference crudes selected are from geographi- 
cally distinct fields each being served by a different gathering system 
operator. 

In Table 16, which shows the share of pipeline transport costs in 
delivered crude prices at Edmonton and Sarnia, the share is seen to vary 
at Edmonton depending directly on the distance to the source field and 
on the posted wellhead price. The most valuable crudes to the producer 
are, of course, those lighter crudes with low sulphur content located close 
to trunk line access. Competitive disadvantages would face the producer 


of the heavier crudes located in the most isolated fields served by a single 


limited capacity secondary trunk line. Such is the case of producers in 


the Rainbow field of northwestern Alberta where total transport costs com- 


prise nearly one-third of the Sarnia delivered price making Rainbow crude 


one of the least competitive light domestic crudes in this market area. 
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Understandably, transport costs to Vancouver and Anacortes of selec- 
ted Alberta crudes comprise a smaller average share of delivered prices in 
these markets (see Table 17) due to the higher gravity of the crudes sel- 
ected and relatively inexpensive access to the Trans Mountain trunk line 
to these market areas. Even though the marginal tariff rates (cost per 
barrel per 100 miles) are significantly higher over this system, the re- 
spective shares are seen to be lower on average than those crudes delivered 
to Sarnia due primarily to the shorter distance. 

Although specific data on refined and processed petroleum products 
prices of various markets was not available at the time of writing, common 
sense would lead one to suspect that the share proportions of transport 
on these higher valued commodities are considerably less. The data in 
Table 14 indicates that the tariff on gas liquids to Sarnia, for example, 
amounts to only $.513 per barrel or $.043 per barrel more than the crude 
oil tariff. The tariff on refined motor gasoline to Saskatoon is 15.5 
cents plus the internal Gulf Oil tariff from the Milden takeoff point to 
Saskatoon. This is equivalent to a marginal rate of 5.16 cents per barrel 
per 100 miles. If the pump price of number one motor gasoline in Saska- 
toon is taken as $.52 per gallon, for example, the computed share of trans- 
port costs (excluding Milden-Saskatoon pipeline charge) in the pump price 
is 1.21 per cent or substantially less than the equivalent transport share 


of delivered crude prices at Saskatoon if crude were delivered to this 
point. 


Locational Factors 


This final part of the chapter is concerned with identifying key ele- 
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ments of a locational analysis of petroleum processing and refining acti- 


vity with specific reference to implications for development of pipeline 


systems serving regional and national markets. 


Location of Refineries 


Large scale complex refining activity in Canada is concentrated close 
to market and distribution centres in Vancouver, Edmonton, Sarnia and Mon- 
treal. Small scale, simpler operations are being carried out in a number 
of other locations where either the market served is some distance from 
the major refining centres (eg. Winnipeg and Regina), the local market 
is on a crude supply line or near a crude oil field, or the local demand 
is sufficient to justify refining of a specific, but limited, product range. 

In more general terms, locational forces bearing on refining activity 
may be categorized as those economic incentives favouring resource or crude 
supply orientation and those favoring market brent arias Briefly, some 
of the factors affecting resources oriented refining activity are: 


ae Saving of transport costs for refinery fuel and refining 
losses; 


b. possibility of serving a number of different markets from 
one refining centre; 


ce Regional market size and homogeneity of product mix enabling 
attainment of scale economic factors in refining; 


d. the transport cost of refining product compared to crude 
transporte 


Ais factors are based on discussions in S. Morris Livingston, 
"Economics of Refinery Location in the United States", in Fifth World 
Petroleum Congress, Proceedings, Statistics and Education, Operations 
Research, Section IX, (New York: Fifth World Petroleum Congress, June, 
1959), pp. 75-84; and P. H. Frankel and W. L. Newton, "Current Economic 
Trends in Location and Size of Refineries in Europe", ope cite, pp. 85-95. 
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Factors bearing on refinery location close to major market centres are: 
e. cheaper transport of crude oil by pipeline; 
f. composition of product demand in the larger markets 
(eg. a greatly diversified demand for, say, gasoline, 
fuel oils, petrochemical feedstocks tends to favour 
the movements of crudes to market oriented refineries); 
ge potential plant scale economies including real scale ef- 
fects (eg. more efficient utilization of plant labour and 
equipment) and monetary scale effects (eg. savings from 


larger block purchases of feedstocks, plant fuel or power, 
etc.); and 


h. integrability of product production, distribution and mar- 
keting activities. 


For any one specific refinery location or expansion decision, many of the 
above factors become pertinent as do others such as the status of plant 
technology, long run sources of crude supply and a host of political fac- 
tors. What is of specific interest in western Canada, though, is the de- 
gree to which transportation costs and technology, emergent regional demand 
patterns for products and the status of Prairie refining technology have 
become important factors in the consolidation and relocation of refining 
in the Edmonton area. It is beyond the scope of this study to examine 
these factors affecting refining location and consolidation in any great 
detail except to identify those bearing on the development of crude and 
products pipeline transportation systems eminating from the western Cana- 
dian crude source and refining areas. This is one of the primary purposes 
of Chapter 4 following, but for the present it is sufficient to mention 


specific analytic approaches. 


In respect to the determination of potential scale economies in plant 


; 4 eee 
and equipment operation, the approach taken by the Haldi-Whitcomb analysis 


— 


Zi 


Haldi and Whitcomb, "Economies of Scale in Industrial Plants". 
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of industrial plants would seem to be directly relevant however many 


qualifications again have to be made. Their analysis includes estimates 


of scale coefficients for various process units in petroleum refining; 


the estimates are given below for some of the more common unit processes ; 


TABLE 18 


ESTIMATES OF SCALE COEFFICIENT 
IN UNIT REFINING PROCESSES 


Process Estimate of b 
Catalytic Cracking -80 
Catalytic Polymerization -/0 
Thermal Cracking ool: 
Vacuum Distillation -80 
Coking 0/2 


The estimates indicate modest to moderate potential scale economies in 

the surveyed industries for the unit processes identified. Application 

of these results to process units in different geographical or market 
situations may not be valid, however, since it is likely the Haldi-Whit- 
comb sample was a fairly homogeneous sample of refining operations. None- 
theless, the application of their statistical procedure to say, refining 
activity in Montreal, Sarnia or Edmonton would likely net reasonable re- 


sults due to the homogeneity of product demand composition as between re- 


fineries in each of the centres. 


22 aldi nee Whreeone: "Appendix to Economies of Scale in Industrial 
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It is important to further qualify inferences about the relationship 
between scale economic factors and locational analysis of refining by 
mentioning that the central concern in the determination of economies is 
the processing capacity of the unit (rather than the entire plant) compared 
with initial and recurrent costs of operation of the unit including mater- 
ials, labour, power, etc. In specific refining situations, for example 
Alberta, the potential scale factors are likely to be somewhat larger than 
in say eastern Canada, due primarily to the relatively narrower range of 
product demand and consequent limited number of process units required 
to produce the product mix. The composition of demand for product at Sar- 
nia and Montreal on the other hand, is such as to require a greater range 


of unit process operations and probably more complex plant infrastructure. 


Location of Processing Plants 


Gas processing plants which extract sweet, dry, marketable methane 
gas, gas liquids, residue gas and other by-products are located at the 
major source gas fields. The reason is simple: it is impractical and 
inefficient to transport "wet", sour gas in a pipeline except in a secon- 
dary or gathering system to a large processing unit. 

The location of fractionation plants, however, is a more complex pro- 
blem. It will be recalled that fractionation plants separate a natural 
gas liquids (NGL's) stream into its constituent parts, liquified petroleum 


gases (LPG's), the most common being ethane, propane, iso-butane and normal 


Sas a more detailed appreciation of the potential for scale econo- 
mies in simple and complex refining operations see Robert Lindsay, ''Region- 


al Advantage in Oil Refining", Papers and Proceedings, Regional Science 
Association, Vol. 2 (1956) pp- 304-317. 
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butane, and pentanes 'plus' or condensates. Propane is used chiefly as 

a domestic and industrial fuel, while the others including the lighter 
LPG's are used chiefly as refinery and petrochemical feedstocks and re- 
finery product additives. Fractionation represents a further stage in 

the processing of a gas liquids stream into LPG's and location of the 

plant is almost entirely oriented to the market for the respective liqui- 
fied gases. There does not appear to be the kinds of locational compari- 
sons possible as with refining operations vis a vis raw materials supply, 
or market orientation. Nonetheless,it is observed that the installation 

of a new large scale fractionation plant at Fort Saskatchewan, drawing 

gas liquids chiefly from the Kaybob field, resulted from emergent larger 
scale refinery demands in the Edmonton area for LPG's, specifically butanes, 
as additives in highly specialized refining processes producing motor gaso- 


lines and diesel fuels. 


Summary of Chapter 

The chapter's focus has been on presenting basic theoretical and analy- 
tical concepts pertinent to an analysis of larger scale crude pipeline 
development and of the emergence of processed and refined product pipeline 
development in Western Canada. Firstly, by a detailed examination of the 
cost structure of the pipeline industry, fundamental relationships between 
the various cost components and their relationship to parameters such as 
wall thickness, suction and discharge pressure, pipe diameter, etc., was 
examined. A useful theoretical construct for the optimization of pipeline 
nventional constrained cost 


system operation was shown to be that of the co 


minimization problem applying the calculus to derive first order conditions 
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and optimal values of the variables. The basis of declining long run aver- 


age costs or economies of scale in pipeline operation was demonstrated to 
result primarily from the technological properties of a pipeline and the 
high proportion of fixed to variable cost. 

Secondly, pipeline transportation costs were shown to be based on 
the structure of the transportation tariff for various petroleums. The 
most important property of the structure of tariffs is the telescoping 
of marginal rates, ie. higher marginal rates for shorter hauls, and this 
property was shown to be derived from the necessity to fully utilize a 
line's throughput capacity in order to realize potential scale economies 
of operating a particular configuration. Finally, the determination of 
pipeline transport cost shares in delivered Canadian crude and products 
prices, once given the basis of pipeline tariffs, was presented. These 
shares average about 16 to 20 per cent for crude oil delivered at Toronto 
and Vancouver; the shares for petroleum products are substantially lower. 

Locational factors in petroleum refining and processing were intro- 
duced in the last part of the chapter. The reason for examination of these 
factors is the phenomenon of emerging refining consolidation in the Edmon- 
ton area, with smaller scale refining operations in other prairie cities 
being gradually phased out or cut pack” This development is directly 


dependent on the development of efficient, low-cost product pipeline dis- 


1 Oil is presently operating refineries at Calgary, Regina 
With the completion of the Company's 140,000 barrel per day 
nton in 1974 these smaller prairie operations 
are expected to be phased out and the centres served by either a ae pro- 
duct pipeline from Edmonton or the existing bee eee ae Com- 
pany "white" line. Gulf Oil Canada has already phased out its Sas ae 
and Moose Jaw refineries while its Calgary operation 1s producing only 


asphalt. 


4 : 
Imperia 

and Winnipeg. 
Strathcona Refinery in Edmo 
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tribution systems. Gas processing was shown to be resource oriented, al- 
though separation of the gas liquids streams was market oriented. The 
locational orientation of gas processing and particularly the further stage 
of fractionation is similarly dependent on the availability of pipelines 
capable of handling the more volatile LPG shipments to refineries and 
petrochemicals plants. 

In Chapter 4 following, elements of the analytic framework derived 
in the preceeding pages are applied specifically to the development of 
crude oil and petroleum products pipeline transportation systems in Wes- 
tern Canada. The relationships between refinery consolidation, processing 


activity and the evolution of these transport systems is examined. 
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CHAPTER FOUR 


APPLICATION OF ANALYTIC FRAMEWORK 


This chapter applies the foregoing transport cost and locational ana- 
lytic framework to the recently observed phenomenon of refinery consolida- 
tion in the Edmonton area. Firstly, the phenomenon is identified and the 
reasons for consolidation of refining activity in Edmonton as cited by one 
of the major integrated oil companies is presented. These are shown to 
constitute a set of sufficient conditions for consolidation. Secondly, 
the development of an efficient products distribution system (products pipe- 
line network) is postulated as being the necessary condition for consoli- 
dation. A brief discussion of location of gas liquids fractionation plants 


and the development of NGL/LPG pipelines is also given. 


Consolidation of Refining Activity 


Descriptive Background 


Reference in previous chapters was made to the new Gulf Oil Canada 
refinery in Edmonton. This is to serve regional markets in Saskatchewan, 
Alberta and southeastern British Columbia. Gulf refineries at Saskatoon, 
Moose Jaw and Calgary have been closed except for asphalt production at 
Calgary and Moose Jaw and use of terminal storage facilities at Saskatoon. 
Similarly, it is likely that with the completion in 1974 of Imperial Oil's 


new 140,000 barrel per day Strathcona refinery in Edmonton further consoli- 


dation of that company's refining activities in Edmonton is to be expected 


although it is uncertain at the present time which prairie*refineries would 
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be erced ts The other major integrated com i i 
panies have not announced either 
plant expansions or consolidations to date although it is interesting to 
note that four major companies (Gulf, Imperial, Shell and Texaco) have own- 
ership interest in the Alberta Products Pipeline, the first exclusive re- 
fined products line in Western Canada, between Edmonton and Calgary there- 
by ensuring their respective shares in the southern Alberta - southeastern 
B.C. product markets should their Calgary operations be closed. 

Table 19 lists western Canada's 1971 refining capacity, unit plant 
processes and capacity, and also the respective product ranges. The dis- 
position of product mix over the same market region is given in Table 20. 
These data will later be used to illustrate the homogeneity of product mix 
in the Western prairie provinces,the types of production processes avail- 
able and the vintage of capital stock. 

Precedents for the consolidation and geographical concentration of 
refining activity at or near the crude supply points or alternatively at 
major markets or distribution centres are observed in several areas of the 
world. Britain has a fairly well established concentration of refining 
activity on her major watercourses or at coastal locations, with products 


pipelines and other distribution networks eminating from the refining cen- 


tres inland to other wepete = The refining industry in Britain is fortui- 


Simnerict Oil operates refineries at Winnipeg, Regina, Edmonton and 
Calgary. All except Winnipeg are older, small-scale plants as can be seen 


from Table 19. 


-the British and European refining and products distribution systems 
are summarized in Gerald Manners, The Geogra hy of Energy, Canis Hut - 
chinson University Library, 1964), pp- 69-81; and M.E. Hubbard, "Pipelines 


in Relation to Other Forms of Transport", in World Petroleum Conference, 
Vol. VI, (Madrid, Spain: World Petroleum Conference, 1960), pp. 3245-3263. 
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NOTES TABLE 19 


Source: Most of the data is taken from Canada, Mineral 
Resources Branch, Department of Energy, Mines and 
Resources, Petroleum Refineries in Canada, January, 
1971, (Ottawa: Information Canada, 1971) Cat. No. 
M36=71/5. pp. 16-20% 

a 


Source: "Gulf's Edmonton Refinery", (Oil and Gas Journal, 
(June 26, 1972), p. 74; and Mr. G. C. Docken, Edmonton Refinery 
Manager, Gulf Oil Canada, Interviews (various dates). 


Gulf Oil Canada's Calgary refinery is producing only asphalts 
following the opening of its Edmonton refinery. 
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tously located coincident with large centres of consumption and tanker sup- 
ply points where crude can be pumped directly to refinery receiving tanks. 
In Europe, as Mowe points out, large geographically concentrated mar- 
kets are inland of the tanker terminals and crude pipelines connecting the 
coastal terminals to refinery gates have developed. In both these cases, 
though, the trend has not specifically been one of actually phasing out 
refineries which were not optimally located but rather new plants and plant 
expansions to meet accelerating fossil fuel energy demands have been con- 
structed at the market rather than at the coastal supply points. American 
Brpericncs: is perhaps most indicative of the pattern likely to be observed 
in Canada. There was an absolute decrease in the number of refineries in 
the United States from 1945 to 1965 while average plant capacity has doubled 
and geographical concentration of refining activity in key marketing and/or 
distribution areas has increased. 

Within western Canada, the tendency towards consolidation has hardly 
been noticeable to date, except for the previously cited Gulf Oil example. 
Refining activity concentrations in Eastern Canada are located at Sarnia 


and Montreal with their respective products distribution networks extending 


Sweater os The Geography of Energy, Pe 75-766 


Sree United States, National Petroleum Council, Impact of New Technol - 
ce) on the U.S. Petroleum Industry 1946-1965. (Washington: National Petro- 


leum Council, 1967) esp. pe 25/ ff. 
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throughout the industrialized, populous areas of Ontario and Quebec. Only 
limited concentration appears to have occurred in the western prairie pro- 
vinces and British Columbia even though this region would seem to have some 
of the prerequisite conditions for consolidation and distribution of product 
by pipeline. It is necessary to emphasize that in the Canadian context the 
petroleum industry is relatively young and refining has located primarily 

in response to relative increases in local and regional markets. By world 
standards, the scale of plant operations of the Canadian refining and pro- 
cessing industry is relatively small but highly dynamic in terms of the 


Nature and directions of its growth. 


Reasons for Consolidation 

In chapter three, general locational factors bearing on refining were 
introduced. This section presents an explicit examination of the reasons 
for the consolidation of one company's refined petroleum products production 
in Edmonton. 

Before proceeding with this, however, it is useful to revert briefly 
to a Weberian generalization concerning the location of manufacturing. 
The generalization is that industries tend to locate in areas such that 
the sum of their production costs including transport costs of raw materials 


supply and product to market transport costs are minimized, cetaris paribus. 


Compacative cost approaches to the study of industrial location are 
described in some detail in Walter Isard, Location and Space Economy, (Cam- 


bridge, Mass.: The Mele «Press, 1956 ), eSPpe PPe gL F: Lis et 
Methods of Regional Analysis: An Introduction to Regional Science, (Cambridge, 


Mass: The M-1.T. Press, 1960), esp. pp» 232-308; and Gerald Jus Karaska, 

"The Partial Equilibrium Approach to Location Theory" in Karaska and David 

F. Bramhall, (eds.), Locational Analysis for Manufacturing, (Cambridge, Mass: 
es 5] e 


The M.I.T. Press, 1969), pp- 22-41. 
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Without disclaiming the relative importance of labour costs, fuel costs, 
etc., the greater the weight loss of the raw material attributable to fur- 
ther processing or manufacturing to a finished state, and assuming trans- 
port costs are based solely on weight or volume and distance, the more like- 
ly is the processing or manufacturing activity to locate closer to the source 
raw materials. However, in modern petroleum refining, product recovery 

on a barrel of crude oil can be as high as 95 per cent with in-plant fuel 
use comprising a very small percentage of the crude charge (about five per- 
cent of crude charge at Gulf's Edmonton Pecine ye Thus, in modern refining 
technology there is very little volume loss and, depending on the geographi- 
cal pattern of demand for the heavier ends, little weight loss. When con- 
sidering product ficeei bation to a region by pipeline, though, there are 
definite restrictions on the range of products that pipeline carriers will 
transport which prevents complete location near the source. Heavy ends 

such as asphalt, the heavier fuel oils and cokes, etc. are not pipelined 

and the status of a particular carrier's control technology and safety fac- 
tors may well limit the transport of the more volatile products such as 

LPG or motor gasolines. With advances in pipeline control technology some 
of these lighter products are now being batched in multi-product lines. 


The above digression serves to point out that the volume or weight 


Tugul£'s Edmonton refinery: Model of gasoline-making efficiency", 
The Oil and Gas Journal, (June 26, 1972), p. 73. 


ST ateeencaine lal Pipe Line Company transports motor gasolines, gas 
liquids, diesel and stove fuels in the same line as synthetic crude. By 
* . ! 
a recent Board of Director's decision, the company will also carry LPG's. 
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loss criterion for orientation of refining activity to raw materials sources, 
while remaining highly important, does not fully explain this industry's 
location in western Canada. The analysis now turns to possible reasons 
why Gulf Oil Canada chose to consolidate its prairie refining operations 


in Edmonton. 


Gulf Oil's Consolidation 
P 9 
Factors confirmed to be relevant to the location of Gulf Oil Canada's 
new Edmonton refinery and the closure of its other refineries at Edmonton, 
Calgary, Saskatoon and Moose Jaw include the following: 
ae attainable economies of scale with larger plant; 


b. availability of raw materials supply including 
crudes, condensates (high gasoline yield), and 
field butanes; 


ce status of existing plant technology (or vintage 
of capital) in the other locations and the need 
to up date plant processes to meet emerging pro- 
duct demands (no-lead and low-lead gasolines); 


d. related to the last point on the vintage of capi- 
tal equipment in the prairie plants is the fact 
that investment costs of these plants have been 
written off; 


ee environmental factors including product quality 
requirements and more efficient in-plant use of 
environmental resources; and 


f. availability of an efficient and competitive 
products transportation system to serve markets 
once served by local refineries. 


Tatar ne with Gulf's Edmonton Refinery Manager, Mr. G. C. Docken 
on several occasions during the course of the study as well as reference 
to published sources such as "Gulf'!s Edmonton refinery - model of gasoline- 


making efficiency" in The Oil and Gas Journal, (June 26, 197.2), gpoeet2=76:, 
are the bases for the locational factors cited here. 
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Leaving the last factor to separate discussion in the second part of this 
chapter, the other factors are most certainly interdependent and the analy- 
sis now turns to consideration of each. 

The first factor, attainable scale economies, can be considered as 
being a highly important sufficient condition for consolidation. This fol- 
lows principally from the notion that if real and monetary scongnree | 
of operating the new larger scale plant in Edmonton exceed older plant shut- 
down costs and/or operating costs, and additional distribution costs for 
refined products, the consolidation is likely to occur. Actual estimates 
of net real and monetary economies from operation of the new refinery was 
not obtained in the course of this study, however, due to limitations of 
time and the absence of a meaningful period of operation of the new plant 
for which data could have been extracted. The Edmonton plant has been in 
operation just over one year. Although capacities and throughputs of the 
various pieces of process equipment are greater than similar equipment at 
the other Gulf prairie refineries, the new plant embodies much more recent 
in-plant technology including "unitizing" several of the processes and greater 
reforming and isomerization capacity, etc. in order to improve the lighter 
end yield in the product oe These factors would inhibit derivation 


of estimates of cost savings based on scale comparisons between the smaller 


LONeai economies of scale are those cost savings which accrue as a 
result of more efficient and perhaps, more intensive, processing unit opera- 
tions in a refinery. Monetary economies of scale are those which accrue 
from bulk purchase discounts on raw materials including plant fuel, power, etc. 


TEeeelient expositions of the status of refining technology are given 
in W. Skinner and D.C.D. Rogers, Manufacturing Policy in the Oil Industry, 
Third Edition, (Homewood, I11: Richard D. Irwin, Inc. 1970), esp. pp. 4/-93; 


and National Petroleum Council, Impact_of New Technology, pp. 281-302. 
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prairie plants and the new Edmonton plant. Discussions with representatives 
of the industry during the course of this study, and reference to the vari- 
ous trade journals, have confirmed that direct plant operating costs are 
substantially lower in the larger scale operations. This point also fol- 
lows directly from the geometrical demonstration of scale effects in vari- 
ous manufacturing and pipeline industries discussed in chapter three. 

Secondly, the proximity of raw materials including crudes, condensate 
and field butanes would seem to be an increasingly important reason for 
location in Edmonton. This area is a highly favorable location for refiners 
concerned with long term supply of feedstocks. It is connected by pipeline 
to gas liquids and LPG production points, in Alberta as well as by pipeline 
to extensive reserves and a synthetic crude processing plant at the Atha- 
basca Tar Sands. Also, Northern Alberta is likely to be a favorable loca- 
tion in respect to the development, eventual production and transportation 
of Mackenzie Delta oil and gas. These frontier basins should extend supply 
time horizons well beyond forecast relative declines in Alberta crude oil 
production. 

Item c and d above relating to the vintage of existing plant capital 
equipment and the economic life of the capital are interrelated and deserve 
further elaboration. Firstly, as indicated by startup dates of the three 
closed Culf refineries (1933 for Saskatoon, 1934 for Moose Jaw and 1939 
investment costs for these plants have long since been recov- 


for Calgary), 


ered and very little would be sacrificed by closure if the markets origin- 


ally served by these plants could be served competitively by the larger 


less costly Edmonton plant. Secondly, and perhaps most important is the 
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fact that in order for the older Gulf plants to meet modern requirements 


for the low-lead and non-leaded gasolines, expensive in-process technolo- 


gical changes would be required possibly leading to the entire replacement 
of existing capital equipment. At Gulf's new Edmonton refinery, field bu- 
tanes from Alberta source fields are blended into the reformed product stream 
of motor gasoline base stocks after the former have passed through the iso- 
merization-alkylation unit. The use of butanes in motor gasoline stocks 
is an effective substitute for tetraethyl lead in improving the octane rating 
of motor oan Other prairie refining points are considerable dis- 
tance from sources of butane although pipeline transmission of NGL mix is 
now possible via Interprovincial Pipe Line at tariffs only slightly higher 
than crude tariffs. 

Finally, there are several environmental factors that can be cited 
as reasons for the consolidation of refining activity. These factors may 
be generally grouped into those concerned with the in-plant use of envir- 
onmental resources (specifically air and water) and those concerned with 
the consumptive uses of refinery products. Again, these environmental fac- 
tors are strongly interrelated with other factors discussed above, parti- 
cularly the status of plant technology. The first group of environmental 


factors relate to the efficiency in-use of air and/or water resources in 


SoA tenoust exact product quality specifications are confidential, in- 
terviews with Gulf's refinery manager, G. Docken, indicated that as a re- 
sult of utilizing butanes to improve octane performance, only about one 
cubic centimetre of tetraethyl lead per barrel of product is blended into 
the product stream compared with refining industry standards of three to 
four c.c.'s per barrel. The butane charge at the Gulf Edmonton refinery 
averages 10-12 per cent of crude charge (crude charge averages 80,000 bar- 


rels per day). 
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the plant cooling systems and as conveyances for plant wastes. Gulf's new 
refinery makes extensive use of air as a coolant supplemented by cooled, 
recycled water. Pollution control systems are reported to have been con- 
ceived in conjunction with the design of six main operating units and their 
respective process unit components in the refinery. Environmental control 
thus becomes part of the day-to-day operations rather than a downstream 
cleanup problem, thereby effectively internalizing some of the potential 
external costs of environmental degradation. Another related factor is 
that the newer technology permits greater recovery of all readily saleable 
products from the refining of a barrel of crude. This is achieved by suc- 
cessive reforming and upgrading of product stocks to produce a higher light 
ends yield (which is consistent with product demand mix characteristics 
in Western Canada) and limiting by-products production to petroleum coke 
and limited amounts of suliphuree 

The second group of environmental factors relates to petroleum products 
end-use characteristics. Although a host of possible effects could be con- 
sidered here, one of central concern is pollution from automobile exhaust. 
Scientific investigations have indicated that in addition to carbon monox- 


ide emissions, the presence of residual non-degradeable substances such 


a t of the new Gulf Edmonton plant is about 40 long tons 


Sulphur outpu a 
per day which is less than sulphur production at the original Gulf Edmon- 


ton refinery. Petroleum coke production can be as high as 430 tons per 
day with a market value of about $10.10 to $12.00 per ton. Coke is deli- 
vered by rail to Alcan's Kitimat, B.C. smelter for use as electrodes in 


aluminum smelting. 
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as lead compounds in the atmosphere are cause for serious concern. Other 
research has established that more readily combustible additives such as 
butanes can successfully be substituted to improve octane performance of 
gasolines thereby considerably lowering amounts of lethal lead compounds 


entering the atmosphere through automobile exhaust. 


Petroleum Products Distribution Systems 

The development of petroleum products pipeline transportation systems 
is proposed as being the requisite necessary condition for further consoli- 
dation of refining activity in the western prairie provinces. Examination 
of this condition further implies an interdependent set of conditions nec- 
essary for products pipeline development. This part of the chapter identi- 
fies such conditions and recapitulates the importance of two emergent pro- 
ducts distribution systems described in chapter two of the study. Condi- 
tions for development of products pipelines are discussed under the general 
headings of market characteristics, products pipeline technology and finally 


products pipeline costs. 


Market Characteristics 


A homogeneous product demand mix is required in the region to be served 
by a consolidated refining operation and a products pipeline distribution 
system. Reference to Tables 19 and 20 earlier in this chapter reveals that 
the greatest proportions of product demands (ie. inferred demands from 
refinery output mixes) are for the so-called lighter ends and middle dis- 
tillates. These are products such as butanes, propanes, motor gasolines 
including tractor fuels, aviation turbo fuels, kerosenes and naptha-based 


jet fuels, diesel and light fuel oils. This pattern of demand contrasts 
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with that of British Columbia which has fairly significant levels of refinery 
production over the entire product rangee Note in Table 20 the substantial 
demand for heavy fuel oil or "Bunker C" product in B.C., presumably for 

use in production of asphalts and also as a marine fuel. Ontario also has 

a similar diversified composition of demand with additional emphasis on 
domestic fuel oils, petrochemical feeds and aviation fuels (not shown in 
Table 20). Both Alberta's and, to a lesser extent, British Columbia's re- 
quirements for fuel oil are affected by the availability of natural gas 

for domestic heating while the use of natural gas in Ontario is concentrated 
largely in the industrial, power and commercial sectors. 

The data indicates that Saskatchewan, Manitoba and Alberta have a fair- 
ly homogeneous product demand mix comprised mainly of the lighter ends. 
Except for asphalt, cokes and some of the heavier fuel oils, the majority 
of the products can be transported in a products pipeline. Also, Table 21 
indicates that the long term trend in U.S. production in response to con- 
sumptive demands has been toward the lighter ends which are more amenable 
to product pipeline distribution. 

Several other market characteristics deserve brief consideration. 

One is that the main prairie markets for petroleum products (ie. Edmonton, 
Calgary, Regina, Saskatoon, Moose Jaw and Winnipeg) or equivalently the 
historical prairie distribution centres, are located along lineal, east-west 
transportation axes. The axes are comprised of trans-Canada Highways, one 
or other of the national railway lines, and the major oil and gas trunk 
pipelines. If prairie market concentrations were widely dispersed, pipe- 


line transportation of products would probably not be feasible unless the 
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TABLE 21 


REFINERY PRODUCT 
SHIFTS IN YIELD 
ON CRUDE OIL, 1945-1965 


anole 
1945 1955 1965 
(per cent) 
Gasoline LOSS 44.0 44.9 
Distillate fuels 1951 26.1 2920 
Lubricants and other 13.0 eS 5 29.0 
Residual Fuel Oil 2bS2 E533 ery 


Source: United States, National Petroleum Council, Impact of 


New Technology on the U.S. Petroleum Industry, (Washington, 
D. Ge: National Petroleum Council, 1967), p. 257. 
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absolute market size substantially increased. Certainly in Saskatchewan, 
which experienced an absolute decline in population according to Statistics 
Canada's 1971 census, petroleum products markets are not likely to expand 
sufficient to shift the existing geographical concentration. Most of the 
main prairie-marketing and distribution points are favourably located with 
respect to possible service from products lines. The points are Calgary, 
Edmonton, Saskatoon, Regina, Moose Jaw and Winnipeg. 

There also remains a problem of demands in the region for the heavier 
ends such as road asphalts. It is noted that while Gulf Oil's Calgary re- 
finery has curtailed all of its refined products production, asphalt pro- 
duction has been retainede Should other major refiners decide to close 
plants in the above mentioned centres in favour of a consolidated refining 
operation in Edmonton, local demands for the heavier ends in these areas 
might require partial continuation of their production since they cannot 
be shipped by pipeline. Other competing modes such as rail or truck could 
conceivably carry these lower value, high bulk products, although transport 
costs of the other modes would have to be weighed against on-site plant 
production costs for, say, asphalts to determine the feasibility of con- 
tinuing heavy ends refining versus complete consolidation and relocation. 
Yet another possibility is for the only exclusive heavy ends refiner in 
Saskatchewan, Husky Oil Limited at Moose Jaw processing the heavier Saska- 
to increase its plant capacity sufficient to meet demands 


chewan crudes, 


created by the curtailment of other heavy ends refining in the Province. 


Saskatchewan and Manitoba also have a fairly significant demand for 


LPG's, specifically propane, which the Interprovincial Pipe Line Company 
) 


does not carry due to this product's volatility. Propane and other LPG's 
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are carried, however, by rail tank car from Edmonton to eastern Canada and 


by pipeline (Petroleum Transmission Company) from the Dome-Amoco, Empress, 


Alberta gas and fractionation plants to prairie distribution points as far 


east as Winnipeg. 


Products Pipeline Technology 


Very little has to be added here to discussions in chapter two on pro- 
ducts line technology accept to recapitulate the essential differences be- 
tween petroleum products and crude petroleum pipelines. These differences 
are likely to become increasingly less significant, though, as will be pointed 
oute 

Briefly, exclusive products systems differ from their crude oil counter- 
parts in the following areas: 


ae Products systems have higher safety specifications 
due to greater combustibility, volatility, etc., of 
the products carried. 


b. Throughput volumes for particular products are sub- 
stantially lower than typical batches of crude. This 
also requires more elaborate dispatching facilities in 
order for the products line to be efficiently utilized. 
Crude lines are typically of larger diameter. 


ce. In-line stream monitoring, batch separation and inter- 
face detection equipment are more sophisticated since 
product quality must be preserved. (eg. no loss in 
quality of diesel fuel would result if traces of motor 
gasoline co-mingled at the interface with the dtesel fuel 
but if the reverse occurred, a serious quality problem 
would result. Partial co-mingling between different 
quality crudes is, by contrast, an inconsequential qual- 


ity problem). 


d. Products lines are more susceptible to corrosion problems 
and the related problem of product cleanliness. This pro- 
blem is mitigated by periodic "nigging" (ie. internal 
scraping) or by internal coating during construction. 
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e. Pumping rates for products are only slightly af- 
fected by temperature and viscosity whereas crude 
oil temperatures and viscosities substantially af- 
fect pumping efficiency. 
The most important point to be gleaned from examination of literature sources 
and int i gle see 
nterviews with industry spokesmen ~ with respect to the status of pipe- 
line technology in western Canada is that petroleum products can be effi- 
ciently transported given sufficient throughput volumes; the most crucial 


problems, eg. batch separation, quality and safety controls, can be mini- 


mized with presently available technology. 


Costs of Products Pipelines 


Inspection of the tariff data presented in chapter three reveals that 
transportation costs on refined and other petroleum products such as gas 
liquids (excluding LPG) ranges from five to ten per cent higher than per 
barrel tariffs on crude oil between equivalent points. This implies an 
underlying cost structure of products lines not substantially different 
from crude oil lines except in respect to fixed/operating cost ratios. 

In products lines the ratio was shown to be 70:30 approximately while for 
crude oil lines it was 60:40 (seé Table 1). The differential is explained 
in large part by higher initial investments for products line control equip- 


ment. There are some difficulties, however, in drawing this inference from 


145. S., National Petroleum Council, Impact of New Technology, pe 224. 


tthe sources include U.S. National Petroleum Council, op. cit.; Denton,W., 
"Pipelines offer least costly transportation means", Oil and Gas Journal, 
(August 6 1968); and M. Dimentberg, "Better economics promise eventual 
’ 


use of LNG lines", Oil and Gas Journal, (Sept. 18, 1967); 0.T. Linten, In- 
Deen ee ny ea aa * 
terprovincial Pipe Line Company (June 9, 1972), Interview; and G.C. Docken, 


Gulf Oil Canada Ltd., Interview, (various dates). 
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observation of actual installation costs for current crude and products 
line construction Peosnenee Diameter inch mile cost differentials as 
between different crude line projects and between product and crude lines 
are explained by differences in transport costs of materials, access and 
right-of-way acquisition costs, etc. Rule-of-thumb estimates of initial 
cost for either type of pipeline system are therefore particularly hazar- 
dous. 

With respect to intermodel cost comparisons, between, say, pipeline, 
rail tank car and truck, the most important considerations in determining 
the feasibility of pipeline service are market size (and consequent through- 
put), dispersion of markets and distance. Trucking of petroleum products 
appears to be feasible in a dispersed market within a threshold radius from 
the distribution point up to about 200 miles. This may be considered local 
distribution. Refined products pipelines from Edmonton to Calgary (193 miles), 
Edmonton to Saskatoon (350 miles), and Edmonton to Regina and Moose Jaw 
(438 miles) are presently favored over other modes beyond the 200 mile thres- 
hold radius where the previously cited market size, homogeneity and loca- 


tional conditions erp 


oper Be Products Pipe Line between Edmonton and Calgary costed ap- 
proximately $7 million or $3500 per diameter inch mile. Some larger dia- 
meter products lines in the U.S. have cost as much as $7000 per diameter 
inch mile. Interprovincial Pipe Line's current 48 inch looping program 
in Canada has been estimated to cost $7300 per diameter inch mile. Perio- 
dic pipeline construction cost data is given in The Oil and Gas Journal's 
Annual Pipeline Number (usually September or October issue). 


a ner checks on truck and rail tank car rates for LPG (the only light 
petroleum product shipped by rail) revealed the following: 


Propane by tank car to Vancouver § .70 per barrel 
Propane by tank car to Clarkson, Ont. $2.10 per barrel 
Propane by truck-radius 100 miles $ .40 per barrel 


Source: Ge Ce. Docken, Gulf Oil Canada Ltd., Edmonton 
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Applications to Gas Liquids Fractionation Plants 


As has been mentioned in earlier chapters, processing plants are lo- 
cated close to gas fields where the raw gas stream is rendered into market- 
able natural gas comprised mainly of methane and natural gas liquids (a 
blend of propane, butane and pentanes 'plus' or other condensates). Frac- 
tionation, the process which further splits the gas liquids into LPG's, 
principally propanes and butanes, has been oriented both to markets and 
field sources. Much of the fractionation capacity in western Canada is 
in conjunction with refinery operation. In eastern Canada, fractionation 
plants are located near the major crude oil refining and petrochemical com- 
plexes at Sarnia and Montreal. A few notable cases in Alberta have frac- 
tionation plants directly associated with gas processing plants. In these 
cases an LPG pipeline exists to connect the plant to refinery gates in Al- 
berta or to propane storage and distribution sites. Still, fractionation 
remains largely a market oriented activity. 

Unfortunately, the complexity of introducing natural gas related ac- 
tivities in eat study would be well beyond its intended scope, but 
it is useful to briefly mention a few factors analogous to the above dis- 
cussions on refined products pipelining and processing location. The main 
products of fractionation, propane and butane, are presently being pipelined 
across the three prairie provinces and also from field plants to refinery 
gates within Alberta. Propanes are transported to storage and distribution 
points and butanes to refineries in the Regina and Winnipeg areas. Quite 
clearly, if market size warrants further development of LPG pipelines, this 


mode is the most efficient means of distribution (see footnote 17 for cost 
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comparisons) but at the present time, markets in the three provinces for 
propane are limited by the costs and potential uses of competitive fuels 
such as natural gas and for butane by the status of technology in the exis- 
ting refineries. 

The availability of LPG pipelines, though, is not likely to directly 
affect the geographical orientation of fractionation processing. However, 
with tariffs on LPG pipeline movements not likely to be significantly more 
than that on NGL (the unfractionated blend), probable further refining con- 
solidation in Edmonton with related increased requirements for field butanes 
is expected to become a highly important influence on the location of addi- 


tional fractionation capacity. 
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CHAPTER FIVE 


CONCLUSIONS 


This study has been concerned with evolving and applying an analytic 
framework in which to examine a contemporary phenomenon in western Canada, 
the consolidation of prairie refining in Edmonton and the distribution of 
petroleum products, particularly refined products, by products pipelines. 
The present chapter contains the main conclusions of the analysis. Impli- 
cations stemming from these conclusions are also presented. Finally, limi- 


tations of the analysis and possible research extensions are indicated. 


Summary 


Introductory material in chapters one and two showed that pipeline 
systems are a highly important segment of the petroleum industry in Canada. 
In fact, in the absence of petroleum gathering and trunk pipelines, develop- 
ment of western Canada's petroleum resources simply would not have taken 
place. Discussion of typical petroleum liquids pipeline system components 
preceded identification and discussion of the major operating lines origin- 
ating in the Province of Alberta. Liquids systems components were shown 
to be comprised of storage tanks (both receiving and terminal), pumping 
equipment, control units and the line pipe itself. Some detail was provided 
with respect to the status of technology in respect to pipeline system com- 
ponents. Developments include control technology and batch separation tech- 
nology. By comparison, and in order to complete discussion of petroleum 
pipeline system components, natural gas pipelines were described. Next, 


major crude oil pipelines originating in the Province of Alberta including 
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both gathering and trunk systems were described; this included capacity 
estimates, and identification of crude sources and market destinations. 
The major processed products (natural gas liquids and liquified petroleum 
gases) and refined products pipeline systems in Canada were also described. 
Pipelines of particular interest in this study are the products systems 
operated by the Interprovincial Pipe Line Company between Edmonton, prairie 
terminals and points in eastern Canada and the U.S., and that operated by 
Alberta Products Pipe Line Company (operated by Gulf Oil Canada and owned 
by Gulf, Imperial, Shell and Texaco) between Edmonton and Calgary serving 
southern Alberta and southeastern British Columbia markets. Gas liquids 
(NGL and LPG) systems were also described with emphasis on the regional 
mature of the markets for LPG and the NGL line transmission capacity to 
refining centres such as Sarnia. 

Chapter three focused on evolving an analytic framework within which 
to view regional consolidation of refining and processing of petroleums. 
The cost structure of the pipeline industry was seen to be comprised of 
static cost factors such as variable and fixed cost components and innumer- 
able interrelated cost parameters affecting the variable or operating to 
fixed cost ratio. The intermediate run (horsepower variable, diameter fixed) 
optimal pipeline production problem was demonstrated in terms of a simpli- 
fied two-factor, conventional constrained cost minimization problem. 

A second highly important constituent of pipeline cost structure is 
the nature of long run costs and specifically the nature of economies of 
scale. Intermediate run characteristics of variable application of horse- 
power apply in the long run as well as the fact that pipe iemecen can be 


varied by looping or laying other lines. Empirical evidence given in the 
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chapter indicates there are substantial economies of scale to be realized 
in the pipelining of petroleum due largely to technological characteristics 
of pipelines. One possible measure of scale economies through the econo- 
metric estimation of a scale coefficient was given. 

Chapter three also provided analytical linkages between the derived 
cost structure of pipeline operation and actual realized transportation 
costs for crude petroleum and petroleum products to various market destina- 
tions. An accounting method of determination of pipeline rate base, upon 
which tariffs are established to earn specified rates of return, was exa- 
mined and related to the previously derived cost structure. The structure 
of pipeline tariffs, shown to increase less than proportionately with dis- 
tance, was explained in terms of cost structure of the industry. Overall 
transportation costs of petroleums were also shown to comprise a signifi- 
cant proportion of delivered prices of crude oil and petroleum products 
in various markets and as such, represented a highly significant factor 
in the competitiveness of Alberta petroleums. As markets for crude petro- 
leums and petroleum products improve and pipeline system capacity increases, 
transport cost savings expected as a result of realized declining long run 
costs will be reflected in lower delivered prices (or higher wellhead prices 
in the case of crude oil) and consequent improvement in the competitive 
position of the Province's petroleum and products. 

The final part of chapter three introduced the economic determinants 
of refinery location. The most important factors were identified as trans- 
port costs on raw materials relative to that on finished products, the na- 
ture and distribution of markets served by the refining complex, and attain- 


able economies of scale in refining consolidation. As with pipelines, there 
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appear to be moderate economies of scale attainable in various refining 


unit operations based on econometric estimation of the scale coefficient 


from cross-sectional data. 


Conclusions 


It is from chapter four, application of the analytic framework, that 


most of the conclusions of this study evolve. The chapter presented neces- 


sary and sufficient conditions for regional consolidation of refining in 


the prairie provinces. Sufficient conditions for consolidation, based on 


observation of Gulf Oil Canada's new Edmonton refinery, were identified 


to be the magnitude of operating cost savings of larger process units (econo- 


mies of scale), availability and proximity of raw materials, the status of 


refinery technology and several environmental factors related to plant tech- 


nology. The following inferences can be made about these conditions: 


ae 


Real and monetary economies of scale must 

be positive and the resulting direct proces- 
sing cost at the new refinery must be lower 
than the costs of operation and closure of 
the older plants. 


Raw materials orientation of prairie refining 
including the proximity of field butane sup- 
plies and assured long term supplies of crude 
oil is likely to become an increasingly impor- 
tant influence on the location of refining. 


The dynamic nature of refining technology embody- 
ing, for example, more efficient catalysts and 
processes, has combined with efficiencies of 

size to increase the potential magnitude of cost 
savings from consolidation and enlargement of 

the individual plants refining capacity. 


Environmental externalities such as pollution 
have imposed in-plant technological modifica- 
tions bearing on plant environmental resources 


use and product quality. 
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A set of factors relating to available transportation systems were 
shown to comprise necessary conditions for regional refining consolidation. 
These factors are the availability of an efficient products pipeline dis- 
tribution network and related necessary factors of regional product demand 
homogeneity, availability of control technology and most important ,minimum 
competitive transportation costs (ie. pipeline tariffs). The following 
inferences can be drawn from these necessary conditions: 


e. Products pipeline systems now exist in the prairie 
region to distribute refined product and processed 
product to key market distribution points at Cal- 
gary, Regina, Saskatoon and Winnipeg. 


f. The prairie region has a relatively homogeneous 
product demand mix which can easily be distributed 
through the pipeline systems. 


ge Products pipeline transportation costs as embodied 
in tariff structures on refined and processed 
products are at most five to ten percent higher 
than the equivalent per barrel tariff on crude oil 
and condensate. Transport costs by pipeline are 
substantially lower than alternative modes such 
as truck and rail tank car although these modes 
are important in serving either spot markets or 
local markets. 


The existence of these six coincidental factors will probably affect 
a very important reorientation of prairie refining and processing from ac- 
tivity originally dispersed throughout the region with crude supply distri- 


bution by crude pipeline to activity seemingly approaching consolidation 


within one province. 


Implications 
Construction of Imperial Oil's 140,000 barrel per day Strathcona re- 
finery in Edmonton is indicative of the strength of the factors bearing 


on refining consolidation evaluated in this study. Of a total estimated 
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prairie refining capacity of 266,000 barrels per day, Imperial Oil present- 
ly accounts for approximately 102,000 barrels per day or about 38 percent 
and with the completion of the new plant in 1974 this share will increase 
somewhat. The full extent of consolidation through closure of the company's 
other plants is difficult to determine at the present time but it seems 
highly likely that at least the Regina and Calgary operations would be phased 
out since products distribution systems are available to serve these areas 
and all of the requisite conditions for consolidation identified in this 
study are present. Closure of the Winnipeg refinery would also seem to 
be implied since refined product could be transported through Interprovin- 
cial's product line to Gretna, Manitoba and thence into Imperial's 10 inch 
line to Winnipeg once the latter line has been modified. 

Partnership of the four major integrated oil companies (Gulf, Shell, 
Texaco and Imperial) in the Alberta Products Pipe Line between Edmonton 
and Calgary is also indicative of substantial interest in further consoli- 
dation of prairie refining activity in the Edmonton area. Shell presently 
operates an older 26,500 barrel per day plant (1927) at St. Boniface and 
a smaller 5,000 barrel per day unit (1960) at Bowden while Texaco operates 
only one 20,000 barrel per day refinery (1951) at Edmonton. Other refiners 
such as Husky Oil, Northern Petroleum and Consumers Cooperative comprise 
only a very limited proportion of prairie refining capacity and product 
markets. 

Sections of the study have also examined gas liquids (LPG and NGL) 
pipelining and the related location of fractionation plants. Generally 
speaking, these plants are drawn towards major market areas for propane, 


butane and pentanes 'plus'. Dome Petroleum's gas liquids gathering systems 
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feed into the Interprovincial System to Sarnia and other eastern points 
where substantial fractionation Capacity exists. However, if LPG lines 
develop with transport costs competitive with other modes and at rates not 
significantly higher than unfractionated product (as would seem to be in- 
dicated by the preceeding analysis) the location of new plants could con- 
ceivably be oriented more towards the source of raw materials, ie. Alberta 
gas fields and processing plants or near major Alberta refining centres 
such as Edmonton. A related factor possibly reinforcing this orientation 
would be significant increases in the demand for LPG (specifically butane) 
should further refinery consolidation be realized. 

Another implication of the study concerns the potential capacity util- 
ization of existing cross-country crude oil pipelines for products pipelining. 
Although the study has not specifically examined this problem, it seems 
rather unlikely that crude oil pipeline capacity to eastern Canada and United 
States points would not be fully utilized even under the most speculative 
assumption of complete prairie refining consolidation in Edmonton. Even 
if consolidation were complete, the study has shown that very little volume 
and hence revenue loss would result since the existing products system of 
the major carrier in question (Interprovincial Pipe Line Company) would, 
be used to distribute products to regional market points. Whether existing 
interprovincial product line capacity would be sufficient under conditions 


of further consolidation is another very important further consideration 


but beyond the scope of this study. 


Limitations of the Analysis and Research Extensions 


The weaknesses of the analysis are in areas of quantitative estimation 
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of some of the factors identified as being pertinent to products line de- 
velopment and refinery consolidation. Unfortunately, very little up-to-date 
cost data for pipeline operation was available; had cross-sectional cost 
data from different size pipeline system operations been obtained, actual 
estimates of potential scale economies could have been derived. This limi- 
tation is also noted in the case of estimation of potential scale economies 
from refining. Published studies of these industries did show, however, 
that both had potential for increasing returns. 

Other factors cited but lacking quantitative support related to envir- 
onmental resources. It would clearly have been useful to derive estimates 
of cost (or savings) of some of the technological modifications required 
resulting from more efficient in-plant use of environmental resources and 
utilizing non-lead additives. 

Several very important research extensions would seem to be apparent 
if the trends implied in this study are realized. One is that consolida- 
tion may seriously contribute to gradual erosion of the primary manufactur- 
ing and secondary industrial employment bases of Manitoba and Saskatchewan. 
Sound interregional employment policies providing for realistic mobility 
opportunities and the need for co-operative attitudes of the province likely 
to accrue most of the benefits of consolidation are clearly indicated. 

A second possible research extension is that with the prospect for 
greater processing of a portion of the petroleum resource within the Pro- 


vince of Alberta, a study of potential for expansion of the existing petro- 


chemicals industry might be warranted. 
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